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A. SUPSFORTING NAVAL AVIATION AT THE RETAIL LEVEL 


1. Repairable Items are the Key to Success 


-_ 2: ae ae 26P ea Ep @= 22 Ss aE Se ae a e eae = 2 ae Se Ee 


Howey LCWmEnOUTSS A Gay, ah most corners of the 
aft of the United States Navy aré being launched 
edas they undertak2 their missions in suppe 

natiosal objectives. \VBhe effective accomplishment of each 
missiczx is dependent upon having sufficient number 
Pema? = t=edy =o fly and to perform at their fullest cafa- 
Beeeecy. | Tc sutport this goal, he Navy has 


= D 
Setansive system of maintenance BoC 2cs and Usupel y 
n 


(D 
eS 


meets, Their orly furpose is to ensure that the read: 
cf the Naval. Air Force is kept high. 
arom Ne 7 SeCcereceo os 1h  Minem: Zing the downtime of 


deqracai aircraft is the philosophy of "réemeve and repléecs", 


v 
This gcroaran is designed to maximize the a 
n 


Meeetas: by quickly identifying any maltu 

MeMovaiog 2+, and rapidly installing enother unit that has 
ngen <i ned at the support base for that purpose. The 
fee ete -21Oning unit may chen be disposed of or tevaired, as 
appre pszats. 


las <echnology has advanced, the lével of complexity 

(and tre agscciated ccst) of the avionics and weapon systems 
nas been increased.} This has led system planners and 
S 


designers tc the decision tc repair as much of 2ach unit 
can pessitly be done, and tO support ‘this repair a 
maintenance organizaticn closes= to the operating sits. 
The répair cf the repairable nalfunctioning units 
(henceforth cailed "NRFI repaizables", maaning "not zeady 


for issue" repairarlie units) becomes a critical task. 


14 





[rent rtyirg tae fault, fixing or replacing subunits, and 


certifying the item RFI (ready for issue) before it is 
needed ‘tc replace anitem oon another aircraft bécomes 4 
@eoeenginrg logistics task. If the -=epair takes too lona, or 
Mmempart>s need2d to repair it are not available, the next 
failure cn an aircraft may cause the entire aircraft to be 


left in a Gegraded mode, and che capability te perfcrma 
tfissicn may ke denied. Providing an adequate support svsten 
for repairing the NRFI repairables, oC Gece Nee fo a= ng 
sufficiert KFI inventcries tc met expected demands, is the 


key to mission readiness. 


ec ueces, Cycles, and Forecastis 


The system tcday has some significant preblem areas 
merce pet.scdically catise€ concern at various ievels of manage- 
ment. Each Ship and air station supporting Naval Aviation 
has experienced situations in which ~he available suppert 
has seemed inacegquate. These pariods may be characterized by 
the cccurrence cf tany inventory shortages and backed-up 
repair lines. Fleet exercises, sudden unanticipated commit- 
Ments, OF new Surveillance targets nave all caused increased 


demand that seems te strain the systen to the limit. As the 


duraticn of this heavy demand p¢riod léengthens, mcr 
extracrdinary measures are undertaken: CcCannibalizaticn of 
Ccwned aircraft and cf NRFI items become necessary, anda 


endeduet> Cm Ccher 
Ve ides Lo 2S'S i gaearc 
» especially when 
, or task at hara 
may cke aclose reali 


Vee. Se 
Serores25 che Jevel of cornitmen- 
+hey ha 


Z 
Geaquenred by the chperating forces if Ceeeoume Dil le ze. for 


=a 


cle wre WT 6 





The inventory level and tepair Gana) 
supposedly designed to support full mobilization operations. 
The shcrtccmings displayed when actually regnired to 
approach that operational tempo are causé for séricus 
Genmeecrn. The inability to anticipats demand, aia.  =5 


adequately provide a system to mest this demand, zxists te 


some €xtent in any military logistics system. Failures are 
randon, and the akility +o forecast accurately is the 
subject cf considerable research. However, che surge 


Peeolem if not one of predicting failures for any given 
item, cut rather of anticipating increased demand across the 


ntlre inventory, and thereby providing enough maintenance 


capacity (with associated sub-units and piec2 parts 


O 
4 
v 
2 


expanded inventory sc that the aircraft can be kept fliving 
and the missions fulfilled for the duration cf the heavy 


demand pericd. 
EB. HCW MUCH INVENTOBY? 
isco cecaDle Tavensory system Objeccives 


s the current system nas svelved, management cf the 
a S 


ies and the supporting supply point 


Pca tmaeecinonwat2oOn, and che training end 


c 
retenticn of maintenance personnel have all been grewing 
with th+ costs of the systems to b@ supported. Each cf these 
areas has tc compet? with each other and with other rregrams 
for fundirg in a scarce resource anvironment. It is ebso- 
juztely vital then that planners and analysts bre able tc make 
tradecff decisicns Ltetween the various legistic elements 


BeqguUtrang fzundS and tO buiid the overall systen to previde 


the needed support at the lowest cost. 


i 





Analysis techniques for evaiuating level cf repair 
[Ref. 1j, and icgistics support [Ref. 2], have heen |eta 
lished by the Department of Defense. I 
system estimates must be made of inventory requitenents a 
Maintenance capabilities long before the first syvsten 


cperaticnal in the fleet. Significant problew 


Q in 
1) 
i} 
ra 
tv 


however, if the planning assumptions for fundin 
Mme ancerrect, cr if the operaters of the systam 2r# igno- 
Beme ct the planning and do things their cwn wav. Bea ie or 
Meese Situations affect the current method for *aintaining 
the repairatles invertories so vitai to n ss 
The current procedures used for est4eb5 ishing the 
allowances cr repairable items to be s a 
Sec S.ce dO Rot corsider the capacity or configuration 
ef the maintenance activity, thn¢e Levels of su m 
and piece parts being stocked, or any co 
determining what is the best auix fo 
Despite these shortcomings, the ¢xisti 


a 
made tc werk through the dedicated eaffor 


S ci @ery suprly 
ama Maintenance vpersonnel, both military and civilian. 
These personnei have had to cope with perieiic <s‘evere 
Mecterial shertages, extraordinary expediting, end nun erous 
stopgap measures in crder to provide support. r* 1s manda- 
eeoky that those whe design tha system recognize the 
Shortcomings and work <*owards imprecvanenn. Jusz such an 


erfert has teen und¢exrway for the last five vears. 


Zeek aS IO P 


Be a SS ee 


In 1974, the then Deputy Secretary or Defense, We D. 
Clements, dizrect2d that a study be undertaken =o ex 
stockage pclicies that had #2volved within the varicus 
services andthe Défense Supply Agency. That study was 

O 


issued in 15676 and became known 4&sS RIMSTOP, an acronym <= 


the DCD Retail Inventory Management and Stockage Pclicy. Its 
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rurpose waS to @xaminé the way that retail level suvcrert was 
Beeman ly beirg “proyvaced by the military services, and to 
attempt tc set some overail guidelines that shculd be 
followed fcr these inventoriss. Out of RIMSTCF came 
specific policy guidance in the form of DOD Directive 
4140.44, and DOD Instructions 4740.45 (for consumabl¢e items) 
and 4140.46 (repairakle items). Some of the recommendations 
for repairable inventories, as listed in DODI 4140.46 
[Ref. 3j, were 
Levels of repartable items shill be determined as @ furc- 
Pammete lain cenanes Eoplacements and shail be tailored 
Pe amervidual item character rstics relatsd poem condi 2 ems 
Seg@eec eng at the FNdividuel cinrtcermediate level surrfly 
point.... 
tomer lowing lcyeteiwet. b= computed fcr each zera- 
ratle item to ke stecksead at the intarmediace level on a4 
déemand-surpported basis: 
(1) Repair Cycle Levei (RCL) 
(2) Crd¢r and Shipping Time Level (OSTL) 
(3) Bae Devermlol). sues oie?s a £unction,of the prcb- 
ilaties that the ttepdair pe yelem erme wili be 
excaeded, Siemeesder sand Shipping time will be 
exceeded iewicumeseame=e © CDlacement rate will be 
higher +fan forscastéeq, and a number of maintenance 
Rep aCe Msn=s , . Wetieet creed €6f Or. | 6rSepazr e the 
Nemec yy, Willi 2equire resupply frrom_ external 
ecurces. The Si, consiiers the degree aS. Ot 
Setockout and is computec as 
Se Xk SLR). 
wheres + = safery Level paramet+er 
S(RLO) = Stardard deviation of maintenance 
ceolecement during tne leadtime 
Wiich 1S the weighted average oO 
Peo (Semel t cycle t2ne) apo Gian Ors 
{order and shipping time). 
The safety level parameter + will be selected oy =he 
DcD Pocus concerned, and may not exceed three 
etandar deviations oF maintenance replacement 
during leadtimne. 
(4) Operation Level (OL) 
(S) hkKeplenishnent 
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The Navy has used this guidance @s a springboard for 
examining current inventory support procedures and has been 
Successful in Gea s nT Re. gai. ng through the Pregqtan 
Chjectives Mencrandum (POM) process for initiatives tased 
upon this review. The basic appzroeéch, however, has been to 
pur additional bandi-aids on the current system in attemets 
to mak2 it work better, Beemer chan Seabeing cver from 
scratch te try te develop a system that will Go a better job 
cf estimating the system needs. ive POEpOse Of This <¢h 
WaS tc take the latter approach, searching for a better 
methcd to ade the job. 

A nusber of areas of investigation aré explored in 
Maes 48620thesis. it-eeecwa rent model for computing invertcry 
levels assumes that there will not be ony eeapect.y 

O 


constraint. An alternate model is preposed to attenpr t 


Smeecaitiy ceal with capacity constraints. The current 
system uses tniy a small number of data elements available 
in the aviation 32-M data collection system, and what it is 
allowed to use 1s censored ratner severely. The effects of 
censcring stich Cata is examined, and the use of covther 


vailahie date elements is explored 

The follewing sequence will be used in presenting 
the anzlysis in the rest of ths thesis. Char cr it 
cuss¢¢ cre present system and the underlying nodeéi at 
Pe che 


S 
some depth and analyzes zhe theoretical assumptions 

del. Charter ITI proposes an altéernats model. Chapter IV 
a 


| 


res the existing and proposed nodelis, and includes scme 
examcrles ci now they behave. Chapter V presents a simula- 
tion using real data obtained from the USS RANGER (CV-61). 
@epeer Vi provides a Summary of results, conclusicns, and 


recommendations for continued research. 
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II. THE CURRENT MODEL 


A. ALLOWANCE DETERMINATION 


Allowances cf material to be stocked at any given évia- 
tion suppert point are lazgely determined through @ precess 
called AVCAL (Aviaticn Consclidated Allowance List), which 
is managed by the Navy Aviation Supply Office (ASC), 
Fhiladelphia, Pennsylvania. The process of dqen¢erating 3 
conplete AVCAL is 


quite complex, but the basic underlying 
moiel used tor repairable items is fairly straightforward. 


1. Ferscasting Usags 


First, all availab 
repairatle usage for the pre Et pericd are gath- 
m GE 


Vv 
ered. This data may come fron 


Oe SOuUmeccs. § Int tas 
@eee cr an aircraft carrier, for example, analysis will 
include gathering and comparing data from the Aviation 3-4 
data btas¢ (maintained by the Navy Maintenance Support Office 
(NAMSC), Mechanicsburg, Pennsylvania), Supply usage dats 
rrovided by the ship, and usage rates that have been devel- 


b 
cred fer specific items as “whe rasult of various 1 
ecnierences. Once this data has been eccumulated an 
dated, Mo Se CORVEETSG AR=2O aggregate u 
Cividing total demand by =he total number of fiyi 
that generated the demand. Thes@ rates 4@ 

forecast demand for the next support pericd by multi 
them by the total number of flying hours that WSPD's (Weapon 
System Planning Documents) call for. Separate forecasts ars 
Gemoret-d ty this precess for the expected hnurbezr cf 


successful repairs (Equation 2.1) and for actions where 
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répaiz has been declared beyond the capability of the iccal 


Tainterance activity (BCM) (Equation 2.2). 


1st 
NR = actual number of successfully repaired units, 
Peon <te bepesting pesiod data base; 
NB = actual number of units declared BCM, from the 
reporting period data bass; 
FH = ed heurs accomplished during the reporting 
perio 
meee = tiving keurs forecast for a future 
Supper = pet Leds 
NR‘ = repair ferecas Meenumoe> OL UNt=s: and 
NB* = ECM forecast, in number of units. 
Then 
; FH \ 
we = NK =, alas 
FH 
and 


NB = NB | ot 


= Dap ap ees BP Se we 2 SS ae ae a= 4 «ase 4a «as = 


eee meenOcachen Welliucse the following format; "Nn" 
Wem dedicate a count of some action; for example, "NR" Ts 
the ccunt cf the numter cf inte (ire saan Shecor Val. "Pr! 
is the ¢xpected number if a process (also called the 
expected Figeline es MPR" 2S the expected number of 
units in the repair ne. Hoe ond: eos an allowance 
Genes ty tt bait prevides - 7 ropriate degree cf safety level 
Beersct2en to a process: R® is the "protected quantity 
computed by an inventory model to support a specified repair 
Fipseline aquantity at a given safety level. "N " and "Pp 
Variakles super-Sscripted with a prime on Indicate «hart the 
variarkle represents a forecast, rather @an an observation. 
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2. Repasr Turnarcund Time 


meenomcasicmer Ge Daace,.) additional data ifs gatnered 
on the average length of time that an item is in ths repair 
Memeece this as alseidome through the use of the 3~4 data 
base, with data elements collected as C 
Data for cach of these is taken from the Aviati 
Pntonmaticn Display Systeam/Meintenanc 


(VIDS /MAF), the basic source document £ 


(I 


C= an 
Meamneetence data repcrting. All of the time d 
memeyg the repair cycle turnaround time (TAT) 

A 


an integer number of days, Seoeuy DY MOeL 


= 


in julian dates between key events in the repair prec 
Teer AT f£c> Gach repair action is simpiy the sux cf the 
fou- Element times. Each of the four TAT element limits is 
epplied tc each repair actior in the daca 

me@emtetar: TAT 2¢ applied against she average TAT fcr ali 


acticns cf a given item.? 


fe 
EAGE 
5 
'@) 
qa 
i 
mn 


At this point, a few observations about tht 


eeeomarerctcciate. In ¢crder to develop an effective invewutcry 
system, it would séém necessary *t0 n2asur2a the pericd of! 


time ketween the remcval of an RFI item from inventory, and 


m 
the receipt of a replacement. Byemusing che  2iges fecm the 
Tepair cycle, two important assumption 
Bost, 3 


™ s¢e¢ assumed the= the removal of the NRT 
Mrmr eceatemoccite cn <he same date that the RFI unit is 


§-4 


issued. This way be generally trus when thes supported 


customer and the supporting supply departmenc are iccated 


¢az each cther, and when they adher2 to the stated prilos- 
mony Gl Yene-rot-one™ exchange. There are, however, hanv 


2Frocedural guidance provided +o. the operatina ferces 
efers tC mie Tate lotions as “eonstzaints". The limits are 
not GCnstraants in the technical sense. They are truncation 
values that are applied so. that any TAT elemen=z ckservation 
Beaeccet ran tne Soecified dimit is reduced =o that limit 
efore being used for allowance ccmputation. 
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A. Key events in the rep 


a ole 
Ci: Date of removal of the NRFI unit from “he 
a1 Rear 


E2 bees Of Seeeept cieehe NRFI unie a* the 
IMA (intermediate maintenanc ) 


e a 
Per Om coe eed ate et the IMA work center. 


DA1: Date work stcps because unit must await 
Phewarrevameot netetial before completion 
Sr cine teceair. Unit is declared to be in 
Mawicueerg Parts" (AWP) status. 
DA2: Date unit clears AWP (material received). 
D4 3: Repair ccempleticn date. 
B. The repair turnaround time elements axe defined 
by the above dates in the following manner: 
TAT element From dat¢ To date 
ies t(n-piccess =. me D1 D2 
SKD: Scheduling tine D2 D3 
Bens ee ine - es D4 
ess AWE time | DA DA2 
AWE: Awaiting parts time DAI DA2 
NOTE: Although AWS time is shown abecve as 
beinge @efensc by dates DAW and DA2, 
in réality @ unit may go AWP 2 number 
OE =e Ss in Met sWent,» total BWP 
Pete 4Or agents t 25 GCOnpuced Dy SuNming 
the times reported for ack occurrence 


of AWP status. 


eemoaca Collectcd through the av: a 2lon 3-M sSsySten 
gas ligited to awmaxinum valve as “oliows: 


ED ES cei, A EE nc, ED A ES oS ES ES A ES eee ED aS SD A eS iy I gg I MM a I a Ap MIR cs aR i Rs a a 


ag, RARE a ee a acme I gig STII eg cin cpt SSI corm egies “OED ocetyees, uN OD cies cm <aneliy SR eet ceili RD cquefing WP ce cee ele ee ee a oie SD a, ee ee Ee Cg ee ee ee eee ee ee oe i “ee 


TAT elament Limicz (days) 
Les fn Pr ceess “Cine 1 
SKDs Scheculing time e 
REFER: Repair tle 8 
AWEs Awaiting Farts time Zo 
TAT: Total time 20 (unit averags) 
gc a ee a ee ee eee om eee ee oe oe es eed 
Figure 2.1 Repair Turnaround Time Elements 
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meet erces where ‘this assumption is not vaiid. Sp oly 
departments are frequently called upon fcr off-station 
y 


Supeert in which they may be required to send material to 


activities hundreds or «housands of miles away. In these 
Gases, tke remeval date and the issue date may Fe very 
differen+, depending cn the situation. Additionally, there 
gee classes of items for which the “one-for-one” exchaags 
rrinciple is waived because of the natur2 of “he repair to 
be undertaken. For example, réemain-in-piace (RiP) it¢ms are 


specifically exempted. 


The second implicit assumption is that Uns. @te) 


yD 


Pemeavartlabie frem “anventoryeas soon asit <s made RFI. 
Again, this may be valid for many items, but the administra- 


Semenerccces= of identifying the item +0 a national stcck 


memset, iedating feccrdS, and storing the unit is not auto- 
Saemec. Unfcrtunateiy, the data base does net include theses 


supply times, and the exact extant of the effect is unknow 


(a) 


¢ 5 


However, itis fair to assume that “he period 


m 
the repair cycle ifs a conservative estimate for a 


ceff-the-shelft «ime axpercienced by the supply activity. 
1 n 


Bxacting policy provides that Tusrea-Ounmd= == ine 
elements for every repair action and for ¢very repairable 
item ce ccmpared «o limits, or maximum allowable values, 
Igeeoce being censidered in the @llowance determination 
process. The usé of these limits presents a different 
Peemmen 2 thn= develcrmen > of an effective inventory. 


Themiemess cuxcsently in wee were shown wn Figure zt 
and were devsilore at ASO in as 


d 
[Ref. 4]. in era 
e 


Items were ccliect ents were assumed inde- 
pendent, sc each element was analyzed separately. An ingut 
data censcr, or limit, was determined at approximately «he 
Pet teeenepetcen=. 12 ot the Cumulative distribution function 
for the data ¢lement times. The times given in Figurze 2.1 
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The reascn fcr the 
“Sor uct mens Or 


been two informal r 


= 


aso 
senior personnel. Bae Sos 
ect against erroneous values ¢ 
lificantly increasing av 
Wouters — 


the kad actors". 


erage 


= 
SGncern System. 
La 


COncC 


<owaid 
eacn could 


Taai*s 


~~ # 


avia Bota rdoles 


and consequertly larger a 


the current limits prevent this is 
In ¢ither case, 
was 


tha 


however, 


eee the validity of Cuz 


se 


—_ Se 


noe 


os we 


(TMAs) 


croblen 

routinely 
EecoOt Diades, 
emall 


proper supp 
n TAT element 

mM ninety percen 
zo 90% 


chown. 


O 


Geta 1 
L2t 


Then 


— &e 


solve 


sing: 


Z2 


the TAT. 


1s €xpon 


tomer lginal 


ine Vent Sea. 

HCwever, 
Vseuscions 
Tae 


mos mina Gg 


| 


Pitswis a Legi ta 
Pieweenet reason is tc 
ck of proper management of 
eivably cause len 
llowances. 
unknown. 
reasonable te ques- 
ail 


as applied <*c 


Maintenance 


(onagrar 
ential, 
of 


the data has 


value 
7 


onal 


salve 


S be the lLlevs 


ee 


for the value T 





Solving for T gives: 
{ 
/ = nse Bn (1-5). 
fee co md the “Neammor "he distribution that is censored at 
pomne T as fcliows: 


‘ > 
= f ly e J dy “- ay 


which sclvés as: 
-)\T 
fez 7] 1-aane eres? 
emes tituting: 


NTT 
a = /-S 


/ 


p+ ie = le Ln Cl-5) and 


ae (12, CRs), 


je 5 [1-<r-s)(1-ta crs) | - (f=s) & Cis) 
f& 


the oricinal mean (1/)) represented by 


Gemting «he TAT dimits at ‘the 90th percentile has 


Beemettcct cf only accepting data within 1.3 standara devia- 


Mens cL the tru2 mean of the ee G2oee Ouest on. (The 
SeeeneebefeceycilS> cl an exponential distribution occurs ata 
value approximately 2.3 time the mean, OLlvl.3  Suardere 
deviaticns greater than the mean, Since the méan and 
standard deviaticn are the same.) 


Mhe REMSTOP repairable instruction, [Ref. 3], speci- 
miemechae sno Tepaatr cycle =ime could be pretected 3t 
v n 


é 
¢ greater thar three standard deviations, which weuld 
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Bete lattle higher than the 98th percentile. [22s 2 pecse 
euumemeetO dO this if the TAT observations for the underiying 
process are limited using the current values. Addis, . 
current system of developing allcwances uses a dsliberately 


conservative approach. 


3. Current Range Rules 


Varicus rangé rule¢s aré in us2e to determine if any 
- T 


allowance fcr an iter is justi 


Sa eee eee Se eee ae ee Se ee ee a: I a a ee ee ey 


PASS I 
Existing Allowance Model Range Rules 


= 
e 


Local Repair Cycl¢s Requirement (LRCR) 


= 


es §-'- 
Tg -32O cf 


<ArD® rh 


(G1.Q neh 


TC qualify Ace Sih OnmemLOwance, <4 

nave a forecast for the axpected humbder 
the repair cycle of a. tleast 9.1 
1slates to @ Minimum of two repairs 

ing the maximum of twenty days average 
eae 2 COompinatwén of repairs eve 
q ous greater than 4 0 d 
S aaey none 1). 


t 
epee 
inal 


s+ghiy 3 
Mad 4 


(+4 
bt byit: 


Nop FA 
me 


(ODOM YS 
py 


Stion allcwarcs 


qualify Perea n edie = On Benen? an ite¢a 


ao 
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O 
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i 
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Cutt 
ly 
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O 
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~~ 


4 © 
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ak 
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J 


No < $5000 


ie 
& 


a 
O85 O38 
3O 
ct 
gt 


— (Pp 
nae Say 
'O)) 


a i | 
——b 
Nw 
2 


ay 
~_ 
oe 


eal, A ey OO cy Sl agg ly ie cine A ails Cr slllly OO aris, paca, CO cry TEE pia, OE A RS A ty TOE ee OO A | 


ee OS ee. + eb ED EE eng wet els Oe 9 oe ee, En eg OP ere eer EE ee ee EO ee ED ree, Oe ee Ey ree ee we coe ee 


| 
| 


rules, which are published by ASO [Ref. 5]. Some c= the 
u 


BemmemetecOns In <cextield have pointed out that 
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these rana¢ rules are not ailw2zys consistent with gcod 
Emo CrIt. iereseneen NOted zhat it is 0 @ cu 
advantage tc ensure that a moder 


low TAT has at least two BCMts 
a 


fu 
f= 
i 
j a 
ts 
UW 
D 9) 
eed 
f wW 
~~ 
‘y 
ed 
= 
O 
tr} 
(is 
Th 
tY{ 
ct 
O 


assure that n allowance of at least one is maintained art 
the staticn. Alternately, it might b2 +o thetic advantage to 
lengthen «he TAT in some way, again +o ensure that an allcw- 
amee Cf cne is justified. A Zero allowane>s fcrces every 


1 C 
failure to he¢eceme a Siauiice Chm GeglLeadgang en. aizrcrafi: 
increased support is frovided if an ite 
6 
E. MCDELS USING THE POISSON DISTRIBUTION 
ieeeeine Curréens Model 


The follcwing precedure is used for jet 


my 
| 
\- 
‘3 
et 
ss 
(Q 
re 
0 
Te 


2 
final alicwarc] guantity, given validated inout data. 
mumrerOrecast Lol the expected numbe=> cr units in the 
Repeir Cycle at @ny given time is ccmouted using the 


pom casce from EGWanion 2.1 as "“Eelloews: 


lée* 
= = length of forecas* pericd; 
ie eee Oral fcrecast ropamias over {0 -t') ; 
ee oe ie ene © tee Sage eutnazCunc tins 
(A222 elamacs appi2ed) =: and 
Pro = £O8r@Gact GuMmber Of Units in «h= 
repair pipelins. 


Tien: 


Lae = 


(2-<43,) 
Db) Ths quantity is used as *h= parameter in a Pcisso 


i=crt oie] OnmtO Eind the number of unm@es (OK) that need 


dq 
Peewee eKnca co chat ~he CDF GE che dzsStribution at OR 


2D 





mursemeo cleupolicy safety level (currently =¢t as 
Or910) . 
1) Find the srailest Cu that satisfies: 
Ge —__(PR’) pe 
OVC CED e ve _ (FR) 
Ee 2 (254) 
PA Get OL =" "Ou - 1 
Sy) Cemput]e th]= procection level arforded by Q1 ana 
Ou. 
eee peetsecsom level at Ql is closer tec 0.99 


than that at Qu, tet OR = QL; otherwise, OR = Qu. 
mmepeguanticy OL one is then add2d to QR for operating 
level (OL), and this beccmnes the LRCR: 
L&CR = QR + 1. 


Pose had .a-Ccly, a4 Quantity Of material to Support expected 
pees cnS frOmethe tepair cycle (BCM's) is comnpu+ed. 
Thas quantity is determined using =zhe BCM forecast for 
the enduran eC emans: ) boonmecduectaon 2.2 (Round:in 

34 


Clee SK CeED. FCr the 


in accordince with the range rules.) 


Sener ce =r LOR auen=ity is added =9 the LRCR quantity to 


~* 


Frevide the Final ailowanrnce: 
Ibe 5, tone * . 


a 
li 


Allowance 


AS previcusly indicated, RIMSTOP provided an imretus 


for €xamining the existing repairable nodél, and a number of 
2 


deficiencies were found. Dees SeGogj1zZed thatlithe quen- 
mey ~EDevided as an attrition allowance, which was 
maeo mets cea l day Eaeyvracd | <O suc Doct Wartime mobilization 
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ee | 
hy 
a 
wt 


} -#- 


OpehatsonSs With resupply delayed or cut off, was € 
1 


Beeline @Wring normal operations. Additicnally, he at«ri- 


supperting the number of items in the wholesale resn 


s 
TS 
hed 


tren allicwance was emda ¢onpu 2d @eecemiristicaly. 
Consequently, efforts were made starting in 1978 *c obtain 
famennrg chocugh the POM process; first, to support <“*he 
number cf items actually in the wholesale resupply pipeline 
so that the endurance level would not o¢ drawn dcewn, and 
Bemeomaly tc provide frotecticr to this wncolesale pipeline to 
@eemune for the stechastic nature both of the failures which 
cause the BCMfs, euerOr hes rcsuppiy time itself. Thess 
Meer ce te Cheain funding coircided with the develcemen= ct 
a model te used in computing allowances under the RIMSTOP 
» This model is called the RIMAIR pipeline medel. 
The RIMAIR pipeline model attempts to alleviate scene 


ct 
oe) 


quideéelin 


n 


Semeetmem one, -cOMIiNngS recognized in che previous model. es 
micewia@e@s “ne addition of stock to the ee Oe er en Ot 
SoeweliGwWwance tc SUfrort the expected order end shipping 
enc — GpemGmocacs-1mMe,e acd “the additicn of 4 


x= 
eg 
O 
t-~ 
ty) 
if) 
fv 
tb: 
ay 
r 


Uppy PicelL aren =o. ta 
MemeoUscos= of providing Poisson 
Seaoe eee Inwestigations into the a n 
depth techniques for providing batter overall perfcriance 
for the dcllars invested in inventor are also teéeina 
pursued. As of March 1983, however, none of the RIMAIR eddi- 
tives have actually keen added to any activity's AVCAL, and 
cnly ths attriticn pcrtion additives have been appreved and 
Piece as Sigmeiicantily, however, the basic medel, with the 
established limits on TAT obs2rvations and the use cf the 
Po—ooGm Obst tOUtiChe £O0m “he Computation of the safety 
level, has not been changed. 
The computations involved with the RIMAIR pipeline 
Tore asemMor= |COmpiicatesd than witn the current 
Ec 


Eecaus¢ cf the way that the wartime mobilizaz: 


a 





f= ccrruted. See tineaeres =the RIMSTOP instruc 
published, DoD provided additional guidance on the cor 
Mmeore ct trat mobilization requirement in =ke form of DCII 
G140.47, [Ref. 6]. The actual pipeline model déevelorced at 
NAVSUEF took this into account, and consequently bec 
memenmcetatily mOre difficult to deal with. Fer the purge 
this thesis, however, it is the underlying repair precess 
model that is being examined, AMGeti= compli tecaeticns cf the 
Meee iizeation additive will be ignored. A greatiy simplified 
pipeline model results, which can be explained as follicws. 
a) Ccmpute the expected repair pipeline quantity (P8"') as 


Mame aquation 2.3 above: 


rd 
2 

il 
< 
PS 
a 





b) Cecmpute tne forecast wholesaie resupoly ovip¢eline (PE?) 


as fcllecws: 


let 
WIAT = exvected wholesal? resupply <ime; 
then 





WIAT 
Poe NS ° 


we 


Sebeteres ne =Otal forecast pipeline guancity (P') as che 


Tw 


sum of these, 
PY. =—eaet PB. 
Mepcom@aes =he protected pipelines guantity by using Pt in 
PQutesesemeo.4 aneve. Find the quantity QF =hat rrevides 


E@@reGrw2On cGhosestuco 0.90. 


2) The final allowance (QT) is the quantity QP plus one 
for cperating level (OL), plus any additives tha* nay 


Bemoll@ewed Got Wartame mobilization (QM): 
Fes OClPo+ OL + Oh. 
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1 
th 


Mimesmodelenas explicitly allowed for the whci¢csais 


miterlyecyel=, and crovides protection to the @ntire pipe 
Cc 


meee pote iis=. tO thew ssepair papeslin2. Funding to sSuftp 
£ 


@ allcwances that it provides should greatly enhance 


poe rt. 


me wexanple AlloOwarc?s 


ae The Current Model 


fii owerownng exanple == provided =o iliustrated 


how the current system works, foliowed by the changes mads¢ 


feces ul! Cf using the REIMAIR pipeline methedology. 
) Input data is ccllected, and tae Me Cltcwing data 
as indic 


d): 


Peewtded fot a threes menth period (parenthe 


Ss 
+he value used after ths TAT limizts are appli 


o 


i eetemen=s data, 12 days 

BCAAs: we SK D RPR AWP TAT 
Zoe | 0 1 1 = 2 

EG Z 0 0 1 - 1 
BCM 3 1 1 7 10 LS 
Beieai rss 

Repair 1 0 0 1 1 
Repair 2 1 0 7 31 (20) 39 (28) 
Repait 3 0 Z | = > 
Repair 4 0 0 0 = ) 
repair 5 1 1 1 = 2 
Repair 6 1 2 1 = 4 
Repair 7 4 (1) 0 9 (8) 24 (20) S23) 
Réfpair 8 ) (3) 0 = 7-3) 
Repair 9 1 1 0 = Z 
Reoralr 10 0 3 2 S 5 
Averaaqes: 

Raw Ui 1.4 Da 6 103 
Limite O55 Nie 245 4.3 86.3 
Notes: a) Table entries are +he number of eye re- 

ported fer the Corresponding TAT elemene 


and specified action. 


bp) Averages are based upon repaizs only. 

c) Dash marks for AWP column mean AWP stayzus 
GEd net OCCUE, as BuRes > SdemeO. an 22en Gorrg 
into and out of AWP Status the same Jay. 


meee dd-=1on, the tollowirg data is provided: 


a) Whclesai¢e system resupply time (NTAT) is 26 deys. 
b) Total flying hours (FH) were 1453 hours. 


ao 


{4. 
iN 





eeetnegurence —eriod (=*) is 60 days. 
Pome doal £i¥ang nOUZTS are SS0/month, therefore: FH! 
i1¢ 1700 hours. 
3) Compute the LRCK as follows: 


NR® = eR x ( Ba / FG) 
= 10 x (1700/1453), 
=i, / Wh2ts. 
PR* = NR* x TAT/t! 
= 11.7 x 8.3/66, 
= 1462 units. 
Peteccr OLObabailitzes for a mean of 1.62 are: 
7 £(n) F(n) 
0 C2979 0.1979 
1 Oe 7U6 O2a35 
2 Orzo 7 027732 
3 0.1402 0.9184% 
4 0.0568 Oo woe 
5 0.0184 Orme o 
6 0.0050 0.9986 
wus D=OVLdesS protection closes: to 0.90. 
Therefore | 
QP = Seles aid 
LRCR 12 


Pee ime at=rition allow 


NB' = NB x (FU'/FH 
= 3x 54071455), 
=o 
= 4 units. 


5) The final allowance (QT) is: 


Or = [RED e (72%) 
= +s, 
= 8 units. 


br. The RIMAIR Pipeline Model 


The procedure presented apove is nodified when 
the RIMAIR pipeline model is used. Poisson protection is 
applied to the attrition pipeline as well as to the repair 
Pipeline. The RIMAIR mod*l procedure is as follows: 


ipeeeet ec. and limit the input daca as in steps 4.7%. and 


) 


@e2. acbcvs. 
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2) Compute the repair pipeline (PR') Jee ewes (CC hemi 


Seer as, 


PR® = 1.62 uUnegs. 

3) The number of items expecced t9 be in the wholesale 
pipeline (PE*) are computed a 
forecast developed in step a.4: 


Lemos) Unt e Ss: 


Pee = NB! x WrAT/<=! 
= 3.51 x 26.0/66, 
See Ons 2s. 
Byeeictel sopeline allowanc® (?') is: 
us Pie + ps 


Feisscr prokabilities for a mean ot 3.14 acs: 
n £ (n) F (n) 
0 0.9433 0.04 33 
1 Ors oo De 92 
Z 0.2134 Uesoce 
3 Wie oS Oe cnoe 
4 7.53 Dic toe 
S Oc On 9.9913 
6 005 76 0.95489 
7 Os0iZ5 3 9.9848 
8 Oise 4 0.9949 
Peres PlOVides protection closest to G.30. 


Therefore 
OE =a uae tS. 


5) the final ellowance (QT) is cbtained as fcilcws: 
eo + Obes M 
ee 4 oe 
= 6 + OM units. 


It can readily be séen tha 

in agreemen= with <*he RIMSTOP guidelines n 
memey t6Velis quoted in Chapter f. The various levels are 
eemertead 2n Table IT For the purvoss of this thesis, it wilt 
Bemeassumed -fat: any wcobilization endurance quantity provided 


well be the same regardless of whether the underlying reace- 


dq 
Maether “he model proposed in Chapter IIT is adopted. 
Conseauently, Q¢ shali oe assumed to be zero, 2nd will 


mematmeecnccec Eurther. 
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~ 


| 
| 
| 
| 
| RIMSTOP (1) Model Ouicwn tL. y Scare G 
| Level Variable BxXisting IMAIR® 
| Repair ER 1.62 1.62 
, cycle ) 
| Crder and FB* oe 0 es 2 | 
| ehifrinrg tire 2 a ne | 
| Tctal pipeline ES 1.62 3.14 | 
| 
| Safety Ore - p' ole i 36 
nesiatina CL 1.00 1.00 | 
| : 
| Replenishment (2) (2) (2) | 
Fndurance (1) NB* BP Oe, = | 
| — 
| Mcbilization (1) QM = OM (3) | 
| meta Or 8 whits 6+OM units 
| 
m NCTES: _. . : : : | 
| (1)Mcbilization y endurance iavels are addressed in | 
: DCELT 4140.47 vice the REMSTOP instructiors. 
. | 
G2mueavsUr has succesetu lly a@stended the "one-for-cne" | 
principle as the rule tor replenishing repairaplses 
| rrem the wholesale systen. This establishes che | 
zeplenishment aoe! Ceo me es tess — than Zhe | 
alicwence in ail cases. | 
pe eneugh decumen-aticn “cr 2he computaticn of «he | 
( Melt t2Zat 20On Deve 2s Mat) avadieble, 32 cs | 
| Mreae=scood that the final RIMAIR ailowance will 
Met Ee any Lese <<hair the current aldsowance, and 
| will be higher in manv cases. 
| ! 
ee eee ps cae aceon aes omnis ab cms sine i cee eas ey ay ccs queen mame Given ahi 2 
C. THEORETICAL BASIS FOR THE EXISTING MODELS Pay 
1. A Queusing System Model ‘ 


No justification for use of the Poisson distrikutic 


as  Crovi 


SYSTER. 


LAS iL 
Existing vs. RIMAITR Model Allowance Levels 





@ead in the literature available on th2 curren: 
is 


Hewever, a model presented in elemente 


oe 


— >) ie Tie lie ee ee ee eee ee ee ee ee ee sel 





theory rrevides 


existing mecel, 


for 


M/M/OO queue. 


tg 


VW (Dn) 


Poe ee ee ee ah i ll HR Tc cy Se ce cee 


Figure 2.2 


CEMfLariccn 


Sexelemly eheoes cructume that is used an 
and this will be presented here as a ka 
BouemempropOscammodq-l. This mcdel is fer 


af 
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Arrival rate 
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een 
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(pipéline) 
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Weeeoh 


ww aoe 
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Somer = 
Seen uot 


A 


A 
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Speci G2-10N, 


= 
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*£oO serve 
as it 


enters.) 


T (an) =e p 
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ae 4 ee See-  ee E 


M/M/oo Queue Characteristics. 


in cf 
ta 
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ct 
by 
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The M/M/co queueing nodel assumes that the number of 


demands in arn interval is Poisson, repair times are exctcnen- 


<2a@l, and that there ar= “infinitely many" Servers. In 
practical terms, the specification for infinitely nany 
servers ray be assumed to be the same as sayin thet the 


expected waiting tise for any item entering the system is 
zzro. Ccnsequently, the physical queu2 may display charac- 
eristics similar to that of an M/M/oo system even if there 


i 0 


.J 


sly one server when the probapility cf having «we units 


jt. 


in the systé¢m at the same time is effectively zero. 
iiemeardeend todbam de tn> £€Op Sf Figure 2.2 trevides 
the basic characteristics that will be used +9 ccmpare the 
M/M/fcc mcdél with a medel to be proposed in Chapter III. 
(Tha current model and the RIMNAIR pipeline model Ecth use 
tn2 Peisscn distribution in computing allowancés, so the 


Giscussicn of the assumptions that its use implies aprly to 


if 
9 


meri) Given the state diagram, it is Ver ouGe Sr Done he 
~ 


S 
probability of béing in any given sta my es follows: 


rata) 
-_ 
~— 


~ 


NoaiiGe: — jb We) 


so 
r 
REC) ee pu AT 0) 
Ty oa = e Wt Co). 
(At be) Wilke Gt Neco \ ATC) + 2 es) 
SO 


nN} 
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and in général, 


ty 


(\4 nin} Fin om enn) + Cnt) AT (nes) 


f 
TE Cner) — CEG), 


n+ 


TG ) emcee - 
n+ ———— > 
(n+1) 0 C si) 


Mech the regquirenent that all state probabilities mus = sun 


ewe oe fee 


<omon €; gs 
Yuga = 
C=O 
the state probabilities are than datermined to be: 


Tt Coe = eo 
ema rer nod, 


Thon) = salt 4 


a esr 
no 
° 
The mean number in the systen, average guéeue length, 


Semeved this sesult and from Litczle's formula 


umb ¢€ 

expected time in system and other system parameters can be 
( 

meek that includ 

Kleinrock [Ref. 7 


{[Ref. 9], froviad 


1 
es e¢lementary qu¢eueing models, such as 
jp Ross (Ref. 8], O-ueapen and MNexnecscr 
e these relationships, and «h2y are listed 
omer aduse 2.2 . 

An inventory model tnoat has the characteristics 


eS a eh lo 


PieacGs an Figure 2.2 would use Equation 2.4 in sclving for 


cP. In application, as indicated before, ie ex i Saad 
Sys-2M Cemputes the quantity QP that provides pretection 
closest te the esired level, then adds one for cperatina 
level. 


5p 


2. Implications of Adequately-many Serve 





The Foisson redéel has a numbér of very nics fiatures 
that wake it attractive, Given that =he assumprticr of 
adequately many servers is acceptabls. Beaece ne tao.) 4. here 
is only cre parameter to the distribution, which 
tenance of a data base simple. Thess Patamete= is the 
forecast cf +he expected number of items in tne repaiz pipe- 
line at any given time. This @S easily done with the 3-4 
Gata kase because bcth the number of items ravaizted during 


any given period and their average turnarcund +ine are 


readily available. nddas Dena l_lyyesxpanding the Size cf ths 
pipelin=s tc include the wholesale resupply pirpeilins is 


Becomes: shed simply by addaang the two pi oo q Walekeseeees . 
Another nice feature is chat saturation of 7he gueuse 
meme Tevet cccutr: by assuming that there ere always 


adequately many servers, demand car never caus¢s backucs o: 


waiting times. Fotecasz=s for increased demand periods 
(wartim2s mobilization) are dons simply by multipiving the 
eeeecteaq nurbe> in the system by an appropriate constant. 
Because saturaticn never occurs, there is always a finite 


W 
steady-state solution available. This is net the case with 2 


erver queueing model. 


— 
=) 
{+- 
¢¢ 
v 
Qu 
t 
in 
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TItie © PROPOSED RODEL 


oP ae ee ou Ges Se ee 2° Se eo? se aoe 


A. PRELIMINARY RESEARCH 


The preliminary work for «the proposed model was acccm- 
plished at the Naval Pcstgraduazz School, Monterey, 


COU rSE Be Stce nes = 2c 


A 


Califernia as aclass project for 
Modsle given by Prof. Paul Milch. The resuits provided in 
that study, [{Ref. 10], are presented heré because czhey 
provided a major step in the development or the prorosed 
model. 

Gy was dcne from Julv to Saptember 1982 using a 
data base cktained from NAMSO (Navy Muiintéenance Suppert 

h 


N2ceburg, PA) of data collected threughcutr thse 


Q) 


Navy frocm January through March 1982. Pile scout he Nnhacure of 
the data bas a 
Gemaetal:nts listed in Fig 
bese included ove 300, 00 


selected classes of repair actions and equipments in cxrder 
b 


+? 
ct 
Sy 
0 
fds 


ireaGcy heen vwrocessed using «he TAT 
u ete BSecauge the entire data 
QO recerds, the study was dene on 
to keep it to a managqsable size. The equipments chosen were 
Tadar navigation units repaired ashore (2055 records), radar 
navigaticn units repaired afloat (587), ACw ee Of SO fOr 
systems reéecvaired ashcre Gon. 2 2he Wide disparity in 

these three classes, the results were extremely sigilar. 
One of the tajer findings of ths study was that times 
epozrted for the rapair and awaiting parts processes were 
Deas (R ER) 


resegniciceaent awaiting 


ae 
not independent. It was noted that iLonger re 


times tended to be associated 


t+ 


W 
Baces (AWE) time, and the faintezrance actions with short RPR 
- 


Cc 
time generally had no AWP time. his was 2xpected because 
experience at Navy repair facilities had shown that terairs 


are nct hemcgénecus; some types of in-depth repair tend to 


3g 


' 





mame Gere tise fcr fault isolation, require more partis, and 
meee icnge- 20or Checkout than others in which an adjue=nent 
Per ne aeriacCemen. Ofea gasketysis all that is required. 

A second key finding was that times associated with the 
TAT elewents werze not all distributed in an ¢xpenéntial 


fer. Lhe distribution for the RPR and AWP TAT elenent 


0) 


were generally toc exaggerated *o be exponential; any e€xfo- 


Meme) tat €6|C6UtOlCUtThe6hC6UiCwhUecnd «Ofd€6Cthed6disStribution failed +o 


feeene tor the larce number of data points in ‘the tail. 
Memeercsly, any Gectrabution fit to the tail came far short 


Gf including the large number of observations with TATs of 


zero Cr cne day. 


The dependence ci the RPR and AWP times lead to the 
Bemeotashment Of a Hewvariable for repair cycle time. Its 
distributicn had the same general shape as the RPR and AWD 
distributions but on inspection it appeared to deccmyocse 
Seo |8|6|WC Sreone aie Q2scrabuctions with different means. 
Mise ikec=stered the ccncep:. of treating cie as 


two parallel repair rrocesses, one in which ¢ 
was very fast (or the orcer of one day), and the 
Ween the rerair precess took ter to twenty times lenger. 
Thre last key tesuit of the carly project was the i 

modelling the repair queue with a capacity cons“ra 

Memon EXDiicitiy brought our through analysis of the data, 
rut rather was considared because? experience with Navy 
repair activities has provided many examples of instances ir 


wimeen Caracity wa 


9 


Peni sad -egemmqe=nauceed material <c 
Beeeewero= @ ~eChnacian or test bench. This situation has been 
eddzessed mere fermally in the recently concluded RAND CABAL 
eoudy, (Ref. Lil, which is guoted in part. 


With the exceptic ee Viol (VecSazste Avionics Sher 
Test), cad s ng on "the most highly used piece of equip- 
ment in each avionics shop rarély exceeded 60 percent. 
mies foan= that ‘ Aven rull @O- se s2Omas aval labiiity, 
most shops have sufficient wartime capacity. VAST, (On 
mie Cerne: hand, epeed @ Wartime utilization rate or 160 


/ 


38 





pereent -- the wartime wcerkloads exceeded VAST capacin} 
py 60 percent. 

ie seemaista.tedmwaltimesscenartio with ail aircraft 
meying ccntinucusly at programmed rates, the backicg for 
VAST Continues tec grow. The important issue is wha 
Mmedet this growing backlog will have or aircraft avai 1- 
meaty. A aumber cf factors tend to partially alileviat 
Bye @epect over a limited time horizon. The cn board 
Seecck cf Spee Ba Fao will be consum2d as the backlog 
grows, so backlog does not di poo equate =o heies in 
aircraft (cr backeréers against Poly. LO. che extens 
that backcrders can be consolida eae a the “west nugker 
of aircraft through the cannibali zation Ot components, 
meme Mpect 1S tWreher reduced. Finaily, priority tepat t 
en coss ment which controls the induction of components 
im .c the vAst ShOF DasSdncn G@iscBarzc Reeds, wiilt alsc 
Beeauc= the impact... 

Mmomcinnye tee ocesent VAST capacity is probably suilfi- 
Seeemceumcnly £O6r those Wartime scenarios where carrier 
aircraft ate required to operate at programmed ra*es inet 
Meameee@ Deriods cr time, <foilcwed by pericds when the 
carriar is abl= to stand foqmeeemasngs has “ime 2c werk 
oe tna VAST Be cs If, however, che Carrier is 
required to operate Peco OrOs hOngGS™ periccas cf 
time wren the average Piving Sats is : ual +o 6r exceeds 
the prcqrammed rates, as the VAST backlog aqtows aitcraft 
Sevoctilicty will begin to 4de¢egradé. Bcf orsty scheduling 
mo. VEST PoC eS niy a short-term remedy for the 
weseeciay shortfall. 


3 
td» 
iD 

' 


White the RAND people only Giscuss VAST in terms of i 


e 
re 


pregec8ny. “Nel= Sauagy was to some extent a "kest 


h 
O 
+t fH 
in 
D 


G? Oo 
rw 

Oe Oe 
p 
iJ 


(D 
14 


a Cc 
[meecee ge =f projec ti10n £Or capacity constraints for 
= 


rh 


t- 
}- 


nches was based on complete bench availability, 
m 


anhing, and adequée=e piecs-part suppcrt. 


Teal-worid support shortcomings, there is achance that 
non-VAST facilities can also become saturated. 

fhe wodel develcped in tha earlier study nas “deen 
expanded upon in this thesis, ad eee: 1) sera t edain. Figusse 
Seeieah its Simplest form. @ee Df  =Thisechanter 


L 
describes the new sample data bas 
the underlying assumptions, presents the theoreti 
aot  <he M/M/1 queue, defines 


cperaticnal terms, and provides an 2 


39 








age enter process two 


(3) ue remaining den 


—  .— en eo, i 
| 
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| | 
| f%r 
| | Repair | | 
(2) o) “ons 1 
| naan}, : 
ee ae | | 
— Admin j-->--| aa | 
— ©. — a, | 
| Repair | | 
(3) (1-p)A | <7; coo 
eT wo 
ae 
| 
| mt | 
ieee ena eee oes oo eee { 
| 
mescrlrtton: | 
i ieee teat The System, with rate | 
Ny, onc o=ana adMan Strat. ve processind. | 
' 
| @)) A csopesc. on (°c) of thess demands enter | 
| repair process ons, and are served with | 
| 
| 
| 
' 


a ce ee eee ee eee eee ee a ae ee ie oO 


: 
g 
| 
| 
| 
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Figure 3.1 The Proposed Model (Sisplified). 


EF. THE SANGER DATA EASE 


d a used for the study was obtained from NAMSO 
nd cconsisted of maintenance data, supoly system identifica- 
Ori , Q unconstrained turnaround time neasurements 
extracted frem the April-October 1982 WESTPAC-Indian Ccéan 

Deployment cf the USS RANGER (CV-61). This data 
eoeeatns 18,279 secceras foe ali matermwal inducts¢ into Se 
timeoceara HavwGER during the cruise. 
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The mcd¢1 preposed in the earlier study assumed limited 
meeerecapac.+y, Uniike the model currently in use cr the 
RIMAIR pipeline model. needa tO evaluate the imptct cz 


that assumption, moderately fast moving items were analyzed: 


mM 


slow movers offer little hope of discriminating between 
models ¢ven if only a single test facility is availacle. 
Consequently, only aviation repairable items that had exhib- 
mesa tWonty Or more actions during RANGER's six-month cruise 


selected fer analysis. There wer? 79 such items. The 


=z; 
eH) 
rf 
(iD 


foilecwing summaries present the basic characteristics cfr the 
entire data tase, and contrast them with the characteristics 
of the sélected sample. (Appendix A provides more complere 


statistics cn the data.) 


Table III prevides the breakdown for the eantira 

RANGER data base and the selected sample fer three kev 

supply system identifiers: the cognizance code (cog), the 
~ 7 


Céntzrol code (NCC), and the special material ider- 
r 


SoCo (ee. | aAlthnewoh che naztionelgstock numnbes 


(NSN) is the orine identifier for any given unit cr fart, it 
does not carry wuch information about what an item is and 
what it may be used for; the three identifier sted in the 


(/) 
Cit 
| \ 


=e usually asscciated with the NSN in or 
m 


the appendices of Nav ma 
P-485 {Ref. 12}. Brief descriptiens for the codes listed in 
The tarle aze as folicw: 
a) The ccgnizance code (cog) designates the invertory 
Eanager who exercises supply management over specified 
eqories cr material (Ref. 12: Appendix 18]. 


1) '"IR* designates ASO-managed consumable material. 
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—$. a ae eee, oe eee eee ee eee eee ee ee ee a ee ee ER Ra eee ae ee eee SS eee 


| TABLE ITT 
FANGER Data Base Supply Data Siuwmary 


| 
| 
| 


ae 


cage, CE als TI arta, I i es nen ally, TI cami. a lS ay OE cei AO eg BS cae I ee I ce co yt gag cs I gs cages SE cee ee Les 
a 


ble 


few 


Category/ Wumber of actions. (%) 
Key values ENtice@aaNGcr Selected 
ata base Sample 
| ao 
1R: ASO corsumable 1149 ( 6123) 5 i) 
ens ASO ade por— eve | 8171 (44.7) 1459 (594.5) 
Rees = 2S 
| 8R: ASO defport-lévei 1132 ( 6.2) ea (31.99 
| repairable 
Other 88 1 4. 8) 0 520} 
None Oe (ao . 0) a 02.0 
| OAL 18278 2334 
¥cCC 
| D: field-ievel 135 ( 6418) 105°" <a) 
rspairabl=2 
BemeCLANP Tepagrabple 5144 (58-3) le cent 
peeeeuot.-C LAMP depot - 4350 (23.8) 1252 (43.4 
level repairable 
Ozvher Bee { 973 0 378} 
{ None Reet 39. 5 0 G0 
| TOTAL 18278 cBkB4 
SMIC | : ; 
Memon altcratt Venes 274) c47] { 8.6 
CY: AWG-9 radar 994 5. 4 Dome < 0 
| mee Ao a2 =crart 760 4. 2) ec. ML io ~.4 
| FE: EA-6B aircraft Ta 4.1) ey nO. | 
ie. GEE prcdqrag 096 SS} e4+2 {| 8.4 
Bes F- WA a®tcraft 1186 | o= 143 ¢ 529) 
| SZ: ASN-92 (CAINS) eS 331 111.5 
{ inertial nav systeén 
| Cther 4363 a5 3 237 7523} 
{ None Po Se 22 Gm 0.0 
| nO TA L S273 28a4y 
a ee 
Been ee ana YOR’ Gqesigmawe ASO-managed wPweraiza 
ewe oc i. 
Bye Cane et . S=Erescits a number of cther cogs with 
relatively few demands each. 
D) The material control code (MCC) is designated by 
inventcry manager <0 segregate items into manégea 


iz: 


'C' designates a ficlid-level repaizrab 


gzoupings [ Ref. 
1) 


Apperdix 9.F }. 
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2) *E* désignates an intensified-management depert- 
level repairabic Managed under «he Clcsed-Lcop 
Aeronautical Materia], Program (CLAMF). 

Seu oh therwise 

€ n 


Seoecec lee - evel =Sepairabie not oc 
a 
4) *Other* represents items with enveeOoene = PGCC 


c) The ¢pecial materiai sontrol cod2 (SMIC) is assianed to 


an tem tO Ensure 12S technical integrity [Ref. 12: 
als ier Ve SG genarally assigns SMIC cccdes for 


Material under their cognizance *o ide 
ewiswemMo to Whien the item applies, to identity the func- 
ticn if more than ona weapon system 1S involved, cr te 


identify a 


FP] 


pecial orogramn the item is 
p 


mana 
1) ‘CS* items appiy to the S-3A antisubm 


ct 


Beer ait. 

2) 'CY¥* apolies to the AWG-9 radar system on the 
F-W4A, 

Boer A® aoplies to the .a-6 attack ai 

eye FE* . a€appliscs t6 the  EA-6B e¢leé 
eesoa d it. 

eee e es arppi1e>s to 42 speciel project for gcvernment 
furnished ¢gquipme 

oe EY 6A LSS 

fem ce applies to the ASN-92 (CAINS) Case Ner 

in 


n 
Omen! I ohweragh.cr ailncrait<. 


Titial Navigation Systen. 
Siena EStEresaat Ss more than rorty cther SMIC's, 

ach having relativety iow demand. 
Fach of the abev¢s codes éa4lso had many observation 
‘none* fcr the tntire RANGER data base. The 38 


a 
/0 
the cceg ccdes indicates that 38% of «ha 


ty 


Beone* Ecr manufec- 
turer's parts numbers listed on the VIDS/MAF mainténance 
data forms ccuid not be matched to any NSN (every NSN in the 
Navy Suprly Svstem has 4 cog, and vics-versa.) The slightly 


M2ghe= gquaneitics listed as ‘none*' in the MCC and SMIC 
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categqcries include these 38% plus some other items fer whick 
an NSk and cog were available, bien FOL Which that ccd< was 
rot assigned. Scme maintenance actions listed as ‘none' may 
Beriect actions for nen-stock=-numbered items, but certainly 
fany are the result cf poor data entry procedures. 
rt is: obvious that the sample used for this thesis 
S not 2 representative sample, nor was it intended tc 
e 7° <jters in the sample experienced about 16% 0 
<~otal demand for the RANGER deployment, yet 
acticns, ‘fcr example, represent more than 81% of the 
actions in the data Lase. Only maintenance actions é 
to NSX's are included in the samplé, however; it is likel 
that the RANGER data base includes data for item 
“ne Semple, ut which were not credited to the corr 
Number secausze of data input problems. Ome Mioss d 4. G22. iT 
aeescnoebal’: mumber Llock wall cause a mismatch *o cccurz. 
wuring develcrment cf the proposed model, many deci- 
sions ware mide with the idea thaz the model might actually 
Bemeplted an osaleswerld situations. Choices available ax 
Cisi¢cn pcints were considered in accordance with the 
Meee Jt Simplicity and practicality that they cffered. 
Thus, analysis was tre¢ . © 1R D, 2R, and 8R cognizance 
if Eomaterial «hae 


laateraai because i+ is for these catego o 
Which the RIMAIR model 


imrent mod¢4l is used, and <to 


Turnaround time analysis is at the hsart cf the 


ceremecry medeliing problem, and it is importa 26 He eoG— 
nize thea structure within whicn the TAT elements are 
reported. Rs Scated briefly in Chapter II, TAT and <he 
elements that make it up (IP, SKD, RDPR, AWP) arée reported 
into the data collection system indirectly by use crt the 
VIDS/MAF source documen-; the values for the various TAT 
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elements are computed by NAMSO based upon the dates that 
various key events in the maintenance cycle occur, as 
Mecorded in Figure 2.1. 

Piewe 1s “ammemiooreanem Limsatecion inherent in this 
SyYStén. One CeectescnMs ml WhoGch two Or more of the events 
cccur on the same dats, will be computed to take zero days. 
It is uct possible tc have a failed item removed from an 
aireraft and complete the repair cycle in zerc time, yet the 
= 


Sample revealed that 35.2% o all cturnaround times : 


Pe 
at) 


—~ 


iD 


tau 
g 


reported as taking QO days. The Seeeebidiey of <ae 


fo 


iz 
collection system <tc measure the bulk of the acticns any 
more accurately than as zero oz one day caused a consider- 


meme proeklem when conducting independence tests and i: 


6 
= 


simulating the system. In some applications of their allow- 


ance model, ASO uses a minimum TAT of one day woen *hi 


OD) 


Seeeeon CCccurS. Ar important opoins: for future ccnsidera 
tion, as the maintenance data systen evolves, Teese tS 
Beemer: cc provide greater resolution in TAT'*s. 

Table IV presents a comparison of the TAT elements 
reported in the entire RANGER data base with thos 
sample. There arse two important observations +o 
meaometnh= TAT information. Firs, the average time 
for mcst crthe TAT elements are low oecause man 
cbservations repcrted for the TAT elements were 0; this was 
the cas2 for 2427 cf the 2884 in-process time observations 
Meueezay, 2202 CE the scheduling time observations (76.44), 
17990 cf the repair time observations (62.1%), Shar AG oe 
the TAT ckservations (35.2%). Th 


(D 


arforementionsd inability 
Pem@edsUee times in less than whole day intervals may affect 
anv mced2l that is very sensitive to estimation of the repair 
rate. 

Seccnd, there is a consideraple amcunt of tire spent 
mceweemitTcumg temmepeir and @btain parts for units that are 


later EBCM'd. Ths BCM action portion ot the table shows that 
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TABLE IV 


Data Base TAT Summary 


an es wae SS ee ee ee a nal 


| 
| 
| 
i 
| 
| 
| 
| 
| 
{ 
| 


an 


| 
| 
| 
| 
| 
| A. All successful repair actions. 
Entire data base. Selected Sample 
| fen t Mean Se aliglatsh oars! + Mean Standard 
Element (days) Deviation (days Deviation 
(days) (Jaye) 
IP 2524 0572 Sea ee 0255 iveno 
ok D 2524 Vie 29 4.6 2502 05-53 cen 
RPR 2524 1.67 so ZO 2 i253 i 2 
AWP 2524 Va33 nae 250 2 aes Sal 
| AWD ios 5 i369 14.3 Bote 10.79 laa 7 
| TAT 2524 5.61 iO 2502 a o2 9.7 
| Ee, ALIMBCW actions. 
| Entire cata base Selected Sanrnole 
TAT ‘ Mean Shea aad * Mean Seared at 
| Element (days) Deviation (days) D¢viation 
| (days) (days) 
IF 5754 lees W309 33-2 lees oa 
SKD 5754 ee 12.0 382 0.74 2.6 
RPR 5754 aa 14.8 Be POY 7.1 
AWE 5754 Sion le 10641 882 5.74 14.4 
| AWD* 894 20.42 A763 oe oe 209 
i fen T 5754 leant eo 0 332 9.80 19.3 
| Serena ll actions. 
| Bec ire ddea Dasa Selected Santle 
| TAT # Mean Sranda=d + Mean Se oaa. 4 
| Flement (diary s WeN Sen Oo (days) Deviation 
| (da ys) (lays) 
| IP 18278 (ieee Seo 2884 OA 1S) ane 
| SKD 18278 Nee Siso 2884 0.56 Dieta 
RPR 18278 leet fn 2884 1. 34 4.7 
AWE 18278 Ze Ore 2884 lioeo0 Nias 
| AWD* 26 DS V5). 95 15a Be 913.71 Tes 
| Taz 18278 B23 ZOe a 2884 4. 44 11.2 
| * AWP average fcr zhose actions that experienced ANP. 
aa ese 
9754 cf the 18278 maintenance actions documented resulted 
BoM act ien, and that these actions had an average TAT 


UD lume ViSxe 


course cf the 


everage, there were 244.7 non-RFI units on board ship ir 


if these actions were spread out 


178 day deployment, 


= 


_ 
‘~ 


would 


svenly cver 


mean 


ae 
. 


“ala 


ee 


rh 


Oo 


bh 
af 


Dp 


On 


a) 


at 


repair cycle on any given day that would later be BCMt'd. the 








RIMAIR mcedel will net take these ite 
develcpirg allowances to support th 
Alt tough the RIMAIR model 


SnNOLesS ces time hat 
units declared BCM spend in the repair cycle (the 5C4 TAT), 
*he ECM TAT could be included in either the repair pipeline 
(by assuming that all inductions are attempted repairs) or 
Bemeeszrce Ci the crder and shipping time. Ignoring «he BCM 
mainterance cycl2 time, especially for units held in antici- 


Menem O: ObtaiGLing pert=s, Can seriously heamrer suprort for 


these items. 


Seepmeaintenanes Lata Characterization 


The factors used +9 classify mainteéenenc LC <eiens 
M@m@emehe5eralr precess cr another should e¢xist within the 
Maintenance data bas¢, which is described in great derail in 
the Naval Aviation Maintenance Program (NAMP) manual, 
CPNAVINST 4790.2E {Ref. 13]. The aviation mainttnance dat 
collection system is used for manhcur acccunting, Goci- 


Hees rog airctarec utilazation, failure Gata tepartirg, andi 


Many cther purpeses. Some of the data elements directly 


concetn repair of failed componerts rene Gm a 2tCta f= 

and these data e¢leméents nave been analyzed «c determine if 

they provide the capability to distinguish between the type 

emo) Lépair procs¢ss, which is conceptualized asa quick 
O 


test-and~eheck type cf repair, and tne type tw 


Wieenmm=s theugat tO be @ more ia-depth repair that generally 


takes lIcnaer and regqrires more dart supoore. The tcllcwing 
data element are the ones that have been anelyzed. An 


¥ 
example cf the type of information provided by #ach ccde is 
° 


listed fer ¢ach categcry; complete explanations 


& 
eo 
the various codes ar¢ too long for inclusicn in this thesis. 
The interested reader is referred to the descripti 


are provided in the NAMP appendix indicated. 
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a) 


b) 


Cc) 


d) 


£O Warrant inclusion in the table. For exampls, there w 
89 different MAL codes used for actions related to ites in 


ThemeeetOn taken a1) code classifies repair acticns as 
to their result, and what maintenance action breught 
abcut the result [Ref. 13: Appendix Hj. Pee exemple, 
Bcmecd=-—'c@"*, fcbereraizrt, “2S listed as "Repair includes 
cleaning, disassembly, inspection, reassembly, lubrica- 


20n, and replacement cf integral parts; ..", etc.; its 


@6 


use indicates that the repair was successful. 

The malfunction (MAL) cod2 specifies the type of defect 
found by the maintenance person attempting rep 
(Ref. 13: Appendix Mj]. ‘'295' fer 2xample, is listed as 
Ptarges dlagnostic/automat:& tests"; guidance f 
higher authcrity and experience will dictate to a nain- 
tenanc= technician waen use cf this entry is mocre 
meesepriate thar any other. 

The type maintenance (TM) code specifies the nainte- 


Mires ecr 108 Or inspection that took place in rercving 


the defective item Erem its installation [Ref. 13: 
Appendix Kj}. TM code '8' as listed as “Unscheduled 
maintenance. Used... for all maintenance actions 2xce2pr 
mime tCclleging:". Fort detailed exceptions are then 


jess ted: t@emeyocs OL Leeewections, calibraticn for a 
Secietmececategcry of equipment , and maintenance of 


meaner snt aimocraft. 


The when discevered (WD) codé specifies the operation 
Slwmeincenanes action “het led to the discovery cf the 
S 7 ws 


detective item. [Ref. 13: Appendix Vj. WD cod 
descrited as “used when @ nésd for maintenance is 
Gisccvered durirg in-shop repair and/or disassembly for 
maintenance." 


The category 'Other' is used for these cedes to 
W 


meee. ACE aons where the naumber cf observatiors was tcc fe 


the sagple; a number cf these were used only once. 
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Table V crovides a summary of the data availabis in 
the RANGER data base for these four maintenance ccdés and 
contrasts this with data used in the sample. This data is 
presented for two reasons. First, Meeneips to 2iluetrate 
Phe Variety and richness that is available in the éviation 
3-M data bas2 for GloGactomezeng Maxrntenamé€e actions. 


€ 

mermenan thefeware teiatively few codes listed here, there 
are hundreds of malfunction (MAL) codes and many more in the 
cther categories. 


Memes nee iceson  £¢r pressntiag this data is that 
O 


these maintenance deta codes skould provide a means x0 
Peeebemen=2c*ing tepairs into the theorized process one and 
process tweof the model. This will be shewn in “he 
Pomeowince Ss¢ccior. 


O 
e 

te 
tart 
he 
tt 
~<! 
“” 
ra 
in 
O 
ray 


THE TAT EBLEBENTS 


Memvec Teca=d eGailiez, the ¢stablishment of the repaiz 
a 


system 2¢ tvo parallel processes 1s an important element of 
fois mcdel. The fcllowing vrocedurs was used <*0 develop 
Bees ccnc= pt. First, =he lack of tndaependence of the current 
TAT Elements is shecwh. Based Upem th2=s result, a new vari- 
able structure is deweloped. fis ener ShOWs that. the IAT 
Pearce fhe rceedlr crocessing time are not distributed is 
an =xponentiel suannexz. The repair process is analyzed with 
the result that there are actually multiple repéir processes 
2CCuLGEIng Simulfanecously. A simple model is then Avecth-~- 
esized which classifies all repair acticns into two subsets, 
depending sclely on «he existence or absence of AWD time. 
These twce underlying processes are shown to be independent 
cf each cther and to have exponential distributions. 
Pewee feveseq TAT limits for use wath the new variables 
are presented. 
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TABLE V 


RANGER Data Fase Maintenance Characteristics 


Category/ Enea 
Key Jaques ata 
ticn Taken (AT) 


: Ne repaizc required 
weep aas 

eect icra t ed 

Gmcz repair 
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REPAIR TCTAL 
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authcrized 
Bea-lacKk OF Fart 
bem=-rails. checks 
Een-beyond avthe 
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Gener ECMs 

ECM TOTAL 


acticns 
mOT AL 


Code (MAL) 


Breken physically 
Imrproper adjustment 
Incorrect voltade 
Fails to ofpferats 
Neeoucpl. 

ATE test failure 
Internal failurs 

No defect 

Ne defect, scheduled 
maintenance 
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Maintenance Performed (TM) 
nscheduled | 
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TOTAL 


( WD) 
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Ciscovered 
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tween flights, 
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E¢ 
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1. Independence of tha TAT Elements 


Gbaree: Ltr provided ™the GWateme DrEOcCedurs r06%8 
limiting TAT element cbservations. The 1977 ASO study “hat 
developed the current limits, (Ref. 4], assumed “the IAT 


euea@encts tO ke independent. This is not a valid assumpticn. 
Chi-square tests of independence with o@levels cf 0.01 lead 


mon =-ne £Cllcwing conclusions: 


Perse cOcess =ame {1P) is incependent of the cther “hres 
eleomentz. This was expected because [IP measures the 
Pen sequired  26r administration cand transportation 
functicns performed by the operational level (squadtcn) 
Maintenance perecnnsl a ft Ud cy 


nd the local suoply 2c 
= 


and is not related to the repair process itself. 


Pe 


j~ 


‘ 
> 


Pesca -dtuling time (SKD), Depalr time (SFR), end await 


iQ 


parts «ime (AWP) are net independen= variables. Thes 


(D 


three ariable measure the functions most clcsély 
fmemeaeec CO the actual repait, and their relaticnship tec 


Been Other is nct "Surprisind. 
Table VI prevides the results of the independence tests 
which tested each cf «he 


tty 


our TAT elemenzs fer independerce 
meemercach Of <he Others. Part A provides a briet® definition 


for each of the elements; part B summarizes the results of 


the chi-square indefendence tests; and independence tests 
S 


using Pearson's correlation co¢fificiens (r) are presented in 
Ba==. C Or the table. Both sets of tests indicate that the 
hypothesis that IP is independent cf SKD, RPR, and AWP 
eennct be rejected. The siaqnificance levels of the tests 
range from 0.207 +c 0.340. The tests for independence 
between the SKD, RPK, and AWP ¢cleméents are all rejected at 
the 0.01 level. 
A derived variable, called repair-cycle time (RCT), 
is new formally defired as the sum of the scheduling, 
maintenance 


repair, and awaiting parts times for a given 
a 


sit 
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eS ee ee ee 


TABLE VI 


TAT Element Independence Test Resuits 


eee pet in2= tions 


| 
| 
| ; es | 
Time period measured. 
| TAT clement From Ue | 
jm :ihn process { removal _ | necezpe at IMA 
| SRD: Scheduling E2ocoupt at IMA work starts 
eR RGDair WOIrK Stazts Sonoree Lon | 
Less AWP time| 
| AWP: Awaiting parts] work stoppage | work resumes | 
| | 
| B. Chi-square tests for independence were cerformed 
| Cn the data elements using SPSS. Data for thea 
| elements were grouped into categories so that neo 
| cell would have less than 3 fcr an expected 
cheervation. Test results are listed as follows: | 
{ { 
| Chi-equare: VAR2_ 
“est vaiue 
VAR1 a sei) 
Sig level 
| a oe wt Owe Ow @ 2 OO @ @ we BO we Be @ @2@e wes OBO @O@e @ Be e@w @ wee @oe @ wa ee @ @ 
| | | Sie RPR AWD ' 
| 26 | So | Bou 
| | IF (2) ol (4) (3) | 
| | p=-260 | p=-209 |  — p=.335 | 
| | | ZirT Ze | | 
SKD | (8) | (6) | 
| { { p=.0008 | p=.0905 | 
| | | SG 
| | KER | (72) | 
i | p=.0000 | | 
| . 
Bemeecaealat=Ons using Pearson's cr. | 
2 ie an inna = sae | 
{ { Shee { RPR { AAD ( | 
| ie OO 7 -0.0116 ea aro lt | | 
| { IP | (2884) { (29884) (2885) | 
| p=. 340 { p=. 266 ea, | 
| | eo Seos | 0.0477 | | 
{ SKD | (2884) | (2884) 
ES RR a | 
| | | Deez 1} 
| | KER | a | | 
p=.00 | 
| | 
| 
sz - 





RCT = SKD+RFR + AwWP 
(sein 


A test of independence between RCT and IP yielded a chi- 
Square value of 3.5 with 5 dégrees of freedom and a 
Beomaficance level cf 0.628, eaten ce cO @ conciusicn of 
independenc: between RCT and IP. 

The use cf RCT as a key variavle in a Simpize model 


is dependent upon the assertion that it is exponential. A 


eee iceal test of ‘this assertion results in rejection of 
emenwenepcren=ial distribution. iaoeeanh Of RET is 3.793; an 
exponential distribttion with this same méan would have 


aeproxmmetei y 32.7% cf 2S CboServations for 0-1 dzys, and 
n 


S 
Seem £0> 10 or more days. he 2mpicical distributicn for 
etegoeites: 71.0% (2048 of 
10 


4% (299 cf 2884) for 


RCT has mcre weight in both «hese c 


z884 cbservations) fcr 9-1 days, and 


10 days cr mere. A EOE Mal tceSsemer <ee exponential dis*ri- 
buticn was — wich ~the Perec tors test Oe 
exponential distributions. Th2 resulting value was 0.383 


Weeeo0 Gegrees cf freedom, which leads tc the rejection of 


the hypothesis that the dis Dution is exponential at th 


af) 


Omet tevyel of significance. 

ached in the eaztlier 
study (Ref. 10]. In that study the data w 
parts each roughly approximated by an exp 
Seren. The empirical distribution of the RANGER RCT lends 


Similar conclusions were ré 
SEemcDLit 2nte <we 
0 


nerzial disetribu- 


z=self tc a Similar conclusion; if two separate exponential 


Frocesses with different mean imes ware ceccurring simulta- 
neously, their pemae distripme2on ” could Sxieol= Sere 
G@@etaccter2stics that the RCT distribution does. Time < eeeor 


cr facters that facilitate classifying items into one or the 


cther of the underlying processes must now be identified. 





Table VIE eresents a summary of RCT time cksé¢rva- 


tions broken down by the maintenance data elements 
rrevicusly listed in Tabie V.. The tabl2 provides the 
number of cases listed in @ach category for each code, the 
avezradqe vaive for RCT for thet category, and the standard 
deviation. Ali times are listed in days. The eSeuwlts of 

SeeeectigG €ne Gata in this menner are to indicats that 


Pewee nate differences in RCT for different values cf the 
repai 


codes. For the AT ccde, AT SA (no 


repair required) had an 
average ECT value cf 0.79 days; AT "Cf (successfully 
repaired) had a mean cf 3.52 days; and AT '4* (BCM for Lack 
SemeGatcs) hed a tear time of 26.77 days. The bréeakdewrn by 
MAL cede was equally #nlightening: MAL '799" (no defect) had 
eee re ct 0.73 Gays, but MAL ‘'290' (fails dignostic/ 
BueoMacec t]=Sts) and MAL,'255* (no ontput) kad an 
Pomerat 9.0/ and YinU9 Pays, cespectively. The TM and WD 
codes alsc showed diftfererces bsetwesn their values, but not 
to che same extent. 

The existence or absence of AWD ti 


m 
Semomese>houlli varidole tor ths purpose cf differenti 


ating 
Sere npemai= processés. This was done on the belief czhat 
certain types o esult in 


£ repair action are more likely to resu 
AWD > and thereicre the existence of AWP may be a key +o 


r 
d-fferentiating the rrocesseés. 
s 


tS were run on the variables using RCT 
values as the cependent variable in an attempt te differena- 
trate the processes. Using the axistence of AWP to 
differentiate between the precessas is biased because RCT 
includes AWE time within it. Therefore, additional test 
were rcun cn RCT without AWP time included. Table VIII 
provides the results of these tests. Part A of the szakle 
Provides the results of separates tests for significance in 
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a meme aaniiog: i Te i ae ae a ee ee eee ee pga re 


TABLE VII 
RCT Values for Selected Data Elements 


| 
! 
| . 
i ede ate N Mean Seen | 
| Key Values (days) Deviaticn | 
(days) | 
| Action Taken (AT) 
A: NO repair ragquired 303 Ole ene 
| Gs Repair . 1980 Bia 22 8.34 
{ mene Lréeépair actions 19 NOs 0 5 - { 
FEPAIR TCTAL Za02 3.07 aoe | 
Mm EBChherepair nct 134 G2. 26 1.60 
eutncriZ ed | 
geetmack Of parts 387 IAS | Zee 
| aepecme-tagle check&test 47 0.98 2a 
| vee Bee O28 authorized 106 feos lee O ! 
ept 
Gthes ECMs 8 6.88 = | 
Be LO ALL vie Saou ies 3 7 | 
| 2OT AL 2884 Bors 8.94 | 
| . { 
| Malfunction Code (MAL) | 
O70: Breken physically 105 Dre Dis O 
WZ]: DRETOLrer adjustment 2) Nees 4.21 | 
mors Enecorrect vol*xage 225 Salo Wolsakte | 
' 242: Fails to oferats 127 1.43 10.11 | 
fees No Output | 149 T2039 16.76 
290: ATE test failure 351 oe) Ne.0r2 
Pee LNternal failure 118 09 Sane 
G92. wo detect BY 2 Oren Deas 
{ E04: Noe defect, scheduled 126 eh ie5'0 
maintenance 
Cther 756 0 = 
| TOTAL 2884 e619 e2.0 | 
| Typ2 Maintenance Performed (TM) | 
E: Unscheduled Zo Sse Ono 
Peemeel ty L[nsepection | 130 Lose Oi) | 
EF; Calendar Inspection | 1 0.90 ee | 
{ Emepeornoce .Onal Inspection 2 lizea0 0.71 
Other 14 Say | = 
| era L 2834 Beg ero | 
| When CLiscovered (WD) 
| 
| Meee io ht yg nO abort 1S Q.27 11.04 
H: Eecwesn fiights, 891 Zo o <i 5 
cy around cfte 
| W: In shop 18 1 aa 9 5.46 
| Cther S25 4.10 = 
| TOTAL 2884 ao Sie 
{ 
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explaining the variakility of RCT when using «he four main- 
tenance ccdes (AT, MAL, TM, and WD) and the presence of AWD 
separat2ly to try to explain the variance. The test revealed 
that all cf the codes except TM were Significant in 
explaining the variability. The sum of squares ¢xplained by 
WD, even though significant, was small compared tc the sum 
ctr squares explained for the other three variakles. 
Consequently, when testing for the significance of the vari- 
ables when used together in the ANOVA test, only AT, MAL, 
and AWP were used. The result of this test is provided in 
the bettcem of part A, and indicates that AWP is the best 
Single indicator for explaining the variability of RCT. 

Fart B of the table shows the réesuits of perferming 
the same tests, but using the sum SKD+#RPR as the variari¢e =o 
Memexphained; =zhe reason for doing this is to minimize the 
bias inherent in using the pr2asénce of AWP +0 indicate the 
variability in a variable that includes AWP time. The 
results are similar: MAL, WD, and AWP are the best indica- 
Bors when tested separetely, but this +i 
ke a Slightly better 


tested jcin«tly. 


Tc summarize, th2 ANOVA tests ravealed that the Ebest 
Variaktles for use as factors +90 differentiate the repair 
rrocess¢es were th2 MAL ceeds, ore An eecode, and ths 


existence/sacksence of AWD. These were all significant at the 
0.001 level whether AWP time was included in R&CT cr not. The 
AWP ccde provided the greatest ability ~o explain variaticns 
in RCT, which includes AWP time, and the MAL code ctrevided 
the greatest ability to explain variations in the RER+SKD 
memes (2.2., RCT without including AWP time.) 

U 


process¢s 


a) 


Semon weemes MAL®ecd= f¢p ditferentiating repair 

Ho wOGoraoly the most Logicai choice, bu 2 

an inherent problem. It is @asy to accept that the <yre of 
2 


repair acticn necessary for a unit depends upon the 
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Heutunction it has. There are, nowveviz, 89 difterent 
malfurcticn codes used for various items in the samples. ise 
GS not practical to define a Simpiz model for ¢ach MAL code, 
and grcuring codés became too complex a task within the time 
availakle. Consequently, the existence or abserce of AWP 
Green iS the second-kest discriminator, Was used tc défine 
the twce revair processes shown in Figure 3.71. 

The following definitions will be used fer the twe 
repair processes, modifying Equation 3.1 : 


merce actions @withcut AWP tine: 


RC1 =SKD+RPR 


RCT 


RCL. 
b) fcr actions with AWP time: 


RC2= SKD+ RPR- 
RCT = RC2+ AWP. 


ei 


‘| 


mame cecsitraple tc faintain a iistincticn setween the AWD? 


time itself and RC2, even theugh it is the existence cf AWP 
that is used to differentiate RC2 From RCI. 

Mew oropesed model will assume caneecity ccnstraints 
Dempeme Se Gall Process, which would ncrmaiiy affect only che 


£ £ 
scheduling and repair functions. AdP time is actually time 
eux ef the process, and there is no pnysica on 
expect @ caracity constraint on the AWP process. Statistics 
for RC1l and RC2 are listed in 
number of cases, average SKD+RP 
fom Cf che SKD+RPR value for ¢ 
actions defined by the existence or absence of AWP. Testing 


wa WwW 


the hypothesis that the groups ar2 from the same populatcon 
Mecults™:n rsyjecting this hypethssis at the 0.001 level. 
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| 


TABLE Ik 


Repeir Cycle Valnes for the Two Processes 


i | 
| | 
| 
| 
| | 
feeeae Analysis of the existence or absence cf AWP <_me { 
| provides the following values for (SKD+RPR) : | 
Category Mean Stameard | 
(days) Deviation | 
| (days | 
| RC1:; No AWE tine 2485 1.44 G.21 | 
RC2Z: AWP occurred Soo 4,73 Se | 
CMA Ls 2884 1.90 es 
| 
An approximate t-test ss Separate variances 
estimates yielded a value of 7.04 wich 425.2 d.f, 
f=0.C00 . | 
| Bempeiialysis Of the existence or absences of AWP time | 
Meovides the following values for RCT: | 
| 
1 Category N Mean See ndala | 
Deviaticn§ | 
Rel cos no AWP) 2435 1.44 een | 
| RCT (=RC2+AWP) 399 18.45 3 
ICTAL 2884 Sr iO 703 
| : . | 
| An &peroximatée %t~rest weed separat? variance | 
| estimates yielded a value of 17.64 with 404.2 4.f, | 
| r=0.00 . 
| @emecrrelaticns of RC1 and ROZ with IP and AWP. 7 
ia > Sin Thea 
| | Lo er a: AWD a 3 
( - .0130 { no AWP | 
EC1 ee) | | 
9=.25 
—ee ee wee oe ew ewe ow ew @ wwe wees Ow ee we ew ee oe ow oe | 
| . C189 » 1233 | 
| Rez | { 399) ( Saath | | 
| D=.355 p=.00 
-a_eeqe ewe ew wewenw ew erewweaewwenm wore wee eee owe oe | 
| 
| 
L ee ee eee ae ee a cere ee ee es as ee rere ED PS SUD OS ET eS ETS Se AANA ND SUS GD DOES ee enn ened 





Fart B of the table provides the sams basic infcrmra- 


tion as fart A, but includes the AWP time in with th 


(D 


SKD+RER observations. The result is that zhe mean ard Stan- 


dard d2viation for the obse =ons that inciude AWE i 


™ 


considéeratly higher. Testing the¢ i ni Pia poe h Growns 
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are fron the same population 1S again rejected. Pea eae 
cwrovides the Pearson correlation coefficient 


(R) 
indenendence of RC1 and RC2 from IP and AWP. RC1 and RC2 @ 
g 


re 
accerted as being independent from IP, but testin RC2 
tesults in rejecting the independence hypothesis, as 


expected. 
The follcwing figures illustrate the breakdown 


oO 
Peteints the decompcsed cycles. Figure 3.2 provides the 


@eeceihuticn of repair cycle days (SKD#RPR) Bea al Lact ens 
in the s¢isctei sample. These same cbservations are plotted 
memeWo sSvtarat= distributions, based on AWP, in Figure 3.3. 
The pict cf RII is seen to have avery small tail, as 
expected. RC2 has along tail, and iancludes mcs* cf the 
Ponger acticns. The reduction in the mean and standara 
G¢vietion of process oné times over the aggregate tires is 
she resuit cf removing most of the slow moving maintenance 
actiens,. The fact that the standard deviaticn is still tco 
high for the distribution +o be a true exponential is 
rartially due to a few very large ee which are 
censcrec when data limits are applies 
pee’ ce Cl feuMally <.ssting tne distrinpucicns cf RC 
+t Gecaness-On-fic test fcr «the 


iene m Li Liaestore 
S 


is that each is an exponential distribut: 


$D 


wD 


© 


Te 
mepeteeeom Vatcable 8Cl has a test value of G.078 with 3 


= 
(D 


See=seeadom, Which results in the conclusion that 
C 


ct 


1 1S cannct be rejected; variable RC2 has a “¢s 
Meiue Or 0.088 with 30 4. A 


= 
Boncivsicn that the null hypothesis cannot be rejected. 


th 


. ys 
iD 


me woich 21s0 results 


—_ 
= 


=__ =a =e ae ee eee le Se eee eee eee 


3Al*hcugh the data base contains observations fer RCI or 
Beeeetcemtae barge cCcempared £0 .-he mean (¢€.g-. 10-30 days), 
there are also observations in excess of 50 days. theses 
qata observations are not considered to be representative of 
the actual eerste Bogen sOceos. ODSeEEvations 1iks 
these, which ma ave resulted from poor daza entry proce- 
dures, Bee ths us¢ Of upper limits (Constraints) on the 
data used tc compute allowances. 
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Figure 3.2 SKD+RPER Empirical Mass Function (all actions). 


61 





——---——-------—-— 


| 


| | 
| ) 
| Geo + © | 
| eta ) : 
| | 
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Figure 3.3 Fmapirical Mass Functions for RC1 and RC2. 
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3. Keéevised TAT Limits 


Chapter II discussed some problems of using TAT 
J2mits but recognized the need for some limit <o 

Analysis of the sample data revealed that applying ‘he 
existirg lirits had avery sériosus effect on tna 

generated by the data, Dae Cuma lye LOr  £n~pro 
The existing one day limit reduced the mean value fer IP 
from 0.646 days to 0.158 days, a reducticn of nore % 
SKD, limited at3 days, has its mean value reéecuced Eron 
mo? Gays tc 0.339 days, a 39% reduction. RPR and AWF are 
Pemtelanbiy reduced, and the final reduction on TAT is fren 
4.44 days dewn tc 2.74 days, jeomjwe ced uCzion. Evy using 
these values to compute allowances, eo elomeese CoC cumamr | Yong 
that the next densloyment will have 38.3% fewe = ni 
repair precess cn ary given day tnan the ao: Ovmert bksing 
used as a data bas¢ had. 


Because these reductions sem quite severe, modified 


jimits were developed uSing apprceximately the 98th cercen- 
Gemeente 2aMpsriceal distributions ior the varicus Tat 
elaments. Table K presénts the results of this analysé:s. 
Fart A of the the tatle shows each TAT element, the existing 
limit, the raw (unlimited) and iimited average times, «hse 


number of observaticrs in the sample that were limit2d, 2nd 


tha percentages of observations limited. Par+ B provides «he 


Same infcrmraticn, tut with revise TAT limits developed 
through analysis of the sample data. items cesulc cl using 
these revised TAT linrits is tc reduce TAT from 4.44 days te 
Bao days, Or @ reduction of 14.4%, which is much lés 

severe. These modified limits will be used when ee 


j~ 


si 


a 
beth the €xisting and proposed medels will be shown in the 


O 


W 


Od 


Nee=<"N2enr the Eroposed model, and their effects on 


Simulaticn results. Their usée is not méant to imply that 


they are cerrect values for the aviaticn 3-M system asa 
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TABLE X 
Revised TAT Linits 


| | 
| | 
| | 
| | 
A. effect of existing Limits on sample date. | 
hae 8 EXistinrg Average .§ Casé€s aftected | 
Element Pamee Raw Linited $ (2) 
| (days) (days) 
| IE 1 day ~646 » 158 VZ5 one | 
SKD 3 day eo Ou or on) oe ho 
RPR 8 day 1.34 . 386 968 (3.40 
i AWE 20 day 13 9:0 lives O 93 Kee 2 
| AWE* 20 day AeSeen oo) 23. eer | 
| nA T ---- 4 44 2.74 359 (32.45) 
| 
| *AWP average for the 399 actions tnat had AWP | 
|) B. Effect of new limits on sample data. 
| PRT New Average CacCeeeaecctsd 
| Element Linit Raw Limited 4 (%) | 
| (days) (days) | 
| IP 6 days ~ 646 p53 00 > (1.84) | 
| RC 1. 12 sdiaw s 1.44 tees . | 
(units without AWP Spee 24uGs. (2. 13) 
| 
| RG Z 35 days tee 3 WL 45 5 
| (units with AWP) Sea Soo of Z. 0 1) 
| 
AWP* 60 days esos ss 5 : - | 
| fen lt Swwath AWD) no cae (1255) | 
AT = 4.4u 3,.00 120 (4. 16) 
| | 


A a aa ee 25) SSS ED ED SE SD ED a a ee Casa ae ee 


memo cc US], but rather that some relaxetion of the curren: 


mete cS 2S Warranted. 
4. TAT Analysis Summary 


It has keen shown that cne TAT elements are nor 
independent, that repair cycle time is not exponential, and 
*woO independent subprecesses can be defined based upon the 
existence or absence of AWD time that are acceptably 
Besenenstal- in distribution. 
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Treeeyr erence Gr eaceence of AWP tim2 is i1ts&s 


een 
Bom@=2tior dependent tron 2 number of factors. Ths ooo 
h 


rt 


Saea Malfunction, the inability of test equipment cr techni 
meepemteceacedacre the fault, Or the nonavailability of th 
correct repair parts may cause an item to go AWP. Nec simple 
inventory medel can take alli of thes2 into account; th 
SPECTRUM large scale simulation system developed at ‘the 
Naval Air Develcrment Center, Warminster, PA, is protatly 
the only system that encompasses such a lavel of comrlexity. 
However, any allcwance developmenc model of the magnitude of 
SPECTRUM is too large for day-to-day us¢. Ccnsequently, the 
Meee arrrcach of recognizing che inherent diiterences 
between repair actions that cause AWP and thoss that de not 
is the ckosen methed for defining the two separate rx 


processes 


De. THEORETICAL BASIS FOR THE PROPOSED MODEL 


1. M/MZ1 Queue Charact eris 


- 
— ET = Sa —_—p-aet - ar <= pease 


The M/M/1 queve is the simplest é€ 
Model which provides the c2pabiiity 
system as it approaches sat 


u 
times arte exponential, crepa 


ly times are eéxpvenential, and 
thez=¢ is only one server. In practicai terms, an IMA may 
have a rumbker cf test benches or tac 


Mm pascing an item, but other jobs, down 
exc. may reduce the effective numb2r of servers +70 one. 
Consequently, the physical quéus may display characteristics 
malacecc thaw cr ar M/M/1 systen. 

The state diagram ( Figure 3.4 ) provides the ktasic 
Gharacteristics that will be used to compare the M/My1 model 


With the existing medel. The state probabilities are easily 


I 


determined from the state transition diagrém 23s follcws: 





ee eee ST acpi OI a ci ee cl ee Ee Ee a I Si a i a Se ce FO i ED OU a I a I ee le EE rl es i I ce ge! cD - 


| 
i 
. 
» B S x ys | 
Of MN a Be ee. ee 
Vie Via ne i fe | 
| 
"2a swe ewecs wee ewww es Coes oe ew we ewe ewewoee oe we ewe @ we ew ew we ewe ewe oe oe | 
Parameter Namé Assumptions 

5 Arrival rates Independant arrivals 
Constant rate | 
Erpetented! inecsetsoival | 
Times { 
| 
Service rate Exponential service *imes, 
fe {répalr rats unarrcected by queue Length 
Bach service is independéenc 
| 

Payee ine _» 
v ene y ce / pe | 
; : | 
E Mean # in o<e<i P = Pf @) 
SY¢< ven. a , 
(Biveline), ° ={1 P unaefined 
| 
wt eet. S e>4 P -?> co 
pe pulaticn 
a 
ieee 20 pe <<t iS eS 
TS rer: = Ky + K(KHR)@-0/ | 
(De co lear), Came ne PVA | 
population | 
of size K p >74 P —»>K-— 
; | 
i Msan tine T = i | 
eS Vc | 
= frm | 
/ ! 
W ica Waiting W =T- '/p | 
ime : 
pd | 

° ° Nn 

Tr (2) Proktability Corea (a) = Clap)? 
o£ being in | 
state n, e>1 Ty (nm) = O (transient) | 
WwrelL is ce DOD = 
| 
Psebtabilit Twn) =({- e* oe | 
of beira fn o (-€) /-° ) 
state n, | : 
Pappa e COPD K e = w{n) =— | 
nteead 


Figure 3.4 M/M/1 Queue Characteristics. 
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A hls) = wwe), 


£0 
ia) ) = The Co) 
Td @ Wo) ° 
E. (+ pe) ror) = aarti once [+ FQ), 
ey 
eC 2.).< es Cr), 
Trma>semre), 


Gata e*T¢e) | 
and in general, 


(Arp) Ton) = Ann-s) FT ae) 


TT Cner) = e Tn). 


n+) 


Tenet) = e Thc). 


in 
ct 
(n 
er, 
= 


With the specificaticn that all state probabilities mu 


EOmG nie , 


Me 


m1 Cc) = Ai 


TT Ce) = f- P, OS Rae 
m~oderce n> QO, 
TO) = (1~p)e” o<a< 4 
Seamiec eh= desiree quanzmy 2s the guantity Q such 
Baer ~rebability that there are Q or less in the systen 
equais che safety level parameter (SL), ¢ is found as 
follcws: 
Q 
Siz Dd Tei) 
L=0 Q 
= (I- \F : O<pd4 . 
: ? aie e i; 
SO 
a Qe! 
ye = om o< p< 4 
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and ¢ solves as 





An inventory model that satisfies the assumpticns 
Mreeed in Figure 3.4 is restricted in 
quickly saturate the system when the ser 
eam the atrival rate (e>1); at tna 
in the system and the waiting time 
System grew wichcut ktcund. There is no stead 
in this case, and it is necessary either 
Systéem tcxr greater repair capacity or to a 
ance period during which saturaticn will be allcwed te 
eccur, causing the number of units awaiting service to ktuild 
pee th= endurance period must then Sh roe 
having a@ demand rate lower than the repair rats, thereby 


eeeming an activity to work through th2 backlog. 


The specification that the ratio of the arrival rats 
to the service rate cf a Single server (e) be lsss than one 
waS not necessary £cr Solution of the M/M/oo queue model 
Eecause there were always e¢nough sérvers available «to 
provide service to arriving units. ios j0* the cass in 

® 


the MysM/1 queueing medal, wheres the assumption that there is 
but a single server leads to «he possibility that che system 
will beccme saturated when the arrival rate equals or 
exceeds the service rate. A gueueing modél with a car 
constraint was chosen specifically to nodel this situation. 
Hhen the M/Mv1 queueing model is apovlied to a sit 
ation where the number of units that may require service is 


My ES P/1-e ’ 


infinite, the expected number in the sy 


(") 
cf 


A 


s 
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increases without beund as the value of @ a 
Dec lees > 25 20 SoScady Stete soluticn for the number 
cf units in the systen. 


In the actual situations to be modelied, however, 


mien rclLuljac~ion iS finite, though generaliy iaztge with 
respect to the number in an unsaturated queue. fnis situ- 


ation is mere fcrmaliy referred to as a My/M/1//K syste 

megmedtineg that the arrival rats, séervice rats, an: 

Server assumptions cf the M/M/1 queueing modi heid, 

epee the additicnal specification that «here are oniy K 

Units thet may fail énd enter =the system for -~spair. This 
1 


P 
system has teen analyzed separately fron the M/M/ 


model in 

available literature, and c=he formulae for the expected 

number in the system as SPOeeceness Of exCsecS IRLty 2re 
f 


guiteée different. The formulae provided in Figures 3.4 were 
€ a 


cbtained frcom Morse [Ref. 15: p. 18], and ar2 as follews: 
let P = number in the repair system, and 
K = number in the popula zion. 
Then 


a e <<a 
Ky + KCKS2)E-/ a Gr 


“U 


I< 


oe. >> 
e © 


The fermula for p<a, e+e epee Gena CaGsr 2pE>cxika- 
meme £LOr the steady state formula use€d inthe infinite 
Seercximeticn case. The formulae for agprOacChang or 
exceeding one are significantly differen*t. Th 
izeme that can fail inthe intrinite pcpulation case is 
assumed to be infinite regardless cf the numb C 
that have already failed, and the arrival rates is ccnsten 
¢ 
= 


With a finite population, however, the number of it 
can fail decreases as the number in the rep 
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and the number in the system can never exceed the porulazicn 
Szze K. Censequently, “he st#ady state formula for e =1 
eee as P—-K/2, and the limic as P—-ecoe .s P=K. The nature 
cf the system to which the model 15 béing applied, prinarily 
air Staticns and aircraft carriars, makes the finite pepula- 
tion medel considerably more appropriate than the infinite 
populaticn medel. 

Cne additional comment about applying zhis mcdel to 
Naval Aviaticn activities 1s appropriate h 


S 
has beén assumed that the service rate is constant; in wcrzac- 


tice it will vary somewhat with the number cf units awaiting 
service. Some units exp2rience improvid repair rates as the 
Bumber cf kackliecgqged units increase because of pricrity 
repair. Some items requiring pi¢ece-parts observe sherterz ANP 
times when cross-cannibalization with items AWD 


@ecurs. There is in fact a deqree of ¢: 


x 
that keceomes apparent during hign demand 


bet ods, <9¢o2ng 
miemeecy>- cm bkelcws saturation uniess i_* if vhysicaliy not 
possibl? to improve service times (aS seems. tc bDeé the case 
with VAST). Regardless, «he point made @ariier in the CAEAL 
Soy yet wet. Tis p.3&], that Elther time musit be provided to 
work cff the backiog or readiness degradation will resul+ 
must be taken to heart by thos? ho d¢sign the system, and 


Ey ches in ccmmand. 
The RANGER dat base obtained for anal 
de the populaticns of the items that fail 


u 
rience, it is known that 
a 
iv 


hunared in «he case wher Maur ecles <nstallatlens 
SimaetG@emgen=s alrcraft types. Consequently, Jean peang | ze 
b 


Seeeetase Ke fOr the ditferen+: items 
Gos dered feasible. Ldn on 
Gomtiquratscns tor some 


SxtGrmdticn. In order to perform t 
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test the model, therefore, it was necessary *o use two cutner 
@eprovimations for the number of units in ths systen. The 


fost aprereximation estimates the number of items that will 
Peaitecup in a Saturated (e>1) queueing system over time. 

The second approximation was adapted from *he first 
(buildup) apprceximation to allow application when 0 ¢ 
These are presented here, and were programned into the sSinu- 
laticn allcwance ccmputation routines to allow for the 
computeticn cf "reascnable"™ allowance quantities when K was 
not knewn and e@ was in the wzegion (1-8,°00) (8 small). 

The buildup rate approximation was presented in 
Newsll [Ref. 14], en@ obtains a solution for a transient 
state by estimating the rate of buildup of the queue in an 
ol 


a 


S 


£ 


infinit2 population. His formula was adapted as 
let 


a = Service rats; 
DN = demand tate, with A>dpm (e> 1); 
= expected tinue in system; 
Po = expected number in the queue az time O, 
Evers —O.-Samise=. 27, 
= Ns 
Meee’) = EXpected backlog increas? during (0,t' 
= (A-#) xX t!'; 
OB (t*)= the number for which the value cf the 
Gurmeor a Fee scorn Histzipution with mean 
B(t*) 25 ciosest to the required safety 
{SL) 3; and 
O(+") = number in the queue at time t!. 
Preu 


Gre y= FOB Ce). enh 


TRlSwP eke sssceacn for the Huzidup rate is only 2 
Most CEGS* aAppuemimetton Dn the case of a finite rporulation 
rFecause the cbhserved demand réte from such a population will 


feeeeadeaesdS sete HUMDEr Gf items from =ne population waiting 


I+ 
iD 


Sn the queue grews. The failure rate per unit may main 


Sia 








constant, Pico nonmoet 8ce RFI units will steadily 
decrease, «hus lowering the observed demand rats. 

Ths seccnd approximation was adapted from the 
Sareaup aporeximation *o allow for computation of allew 
in the regicn (1-6, j iv (8 small). irae tts eo ssc 
buildup aporoximation is not applicable because there is no 
buildup expected: AZm. The finite population approximation 
of the number in «he repair system fer small C, cet a: 
Sues 4606S Gadily worse as 0 approech?s ont because third 
crder and kigher terms become Significant. As preévicusly 
stated, the expected number in a system wit an infinite 
populaticn increases without bound as oe approaches unity. 
fee tenite populaticn approximations for e close tc cne 
would crevide values close to K/2, but the value of K is not 
availeble. There 1s a need during simulation, however, to 
establish allowances fer a few items which have o just less 
fan cne. Consequently, the following simpl2? approximation 


for the rumber in the system was developed. 


Imitheory, ar inventory model attempts to provide an 
@ailowance quantity Ey estimating tre distributicn cf the 
number of unsts in the repair system then finding a quan- 
Seemymeeuen that the value of “she CDF at that quencizv is 
€guai te the safety level. Hhe approximation chosen fcr @ 
meee tnte-val a-6, 1] (© small) was to assume «he number 
Gt d¢fands during a transient interval were Poisscn with 
rat ry Mic chat repairs were dete=ministic with rate B- 
The fcllowing formula was actually applied: 
lst 

iy = néan experienced orocess ime; 

ou = length of endurance period; 

Po = the expected number in the system 2t time O, 
ee eet 5 

SIL = desired safety level; 

A x *' = expected number of demands in (0,-'): 


Wa 





act’) = che Number for which <tche value cf the 
@pr Ores 2£C1SSON GiStribution with rate 
pee 2s Closest to SL: 
ER (t') = expected number cf repairs in (0,¢'), 
= xX t': and 
Q(t') = desired allowance. 
Then 
Qe) = P+ QL(t') - ERC’). Be ni 
mee vOr 3.6 Will he referred to as the deterministic repair 
aoe ecxamaticn, and the quantity Q(<°) Woe be useq as «ne 


allowance when the fcllowing conditions are met: 
a) @ < 1, 
b) CL(+{') > ER(t'), ana 
c) €(=') < ef (1-@)- 
The use cf Ax T as the expected aumber in the system at 


meme, 0 2S straightforward; it 


"a 


the number expected te be 


in the system at any given ime. Arrivals are a Poisson 


f-'- 
" 


Peecescs, SO the numter of arrivals in tne ferioid (9,- 


Gistributed as a Pcisscn random variable. Assuming repair 


(/) 


co be deterministic allows the expected number of rerairs i 


3 


ror * eo @6e Competed simply eS mm x t*, with the under- 
Standing +hat there is always something in tht system to be 


repaired. When e 2S greater than ons, eo a aS 
apprceximaticn is used. 


Fe. A CAFACITATED MOTEL 


The inventory mcdel proposed for use with naval aviation 
repairable iten ieee > . The fclicwing 
rrovides a detailed lcck at how an ailowance can be computed 


fey tt. 
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ES CCC 


Repair Process One 





= 
administrative processing, m¢easured by 
+ 


(2) A number (NR1 + NB1) of these units <¢ 
repair precess ore, and are served with 
the average RC “ime. 


| 
| 
T = RCT ! 
(2) a 

eso Rea | ->—— 
(1) a eee pos : ? 
~ Admin | (4) 
>»---- {I P) -=->——+ te—-+—e—-) FFI { 
A a se | { | i 
| | 
ane are). +--> 2 CH i 
= ei Bazar t (3) | 
SKD | RPR | 
See (ee | 2 
(3) =. 2 | | 
- - | DS la — 
se | 
T = kKCZ + AWE : 
Repa PE@Gass TWO 
| 
oe eee ee oe we ew om we ow ow wee wee ww eww ww www ww ww we ow ww wm ww we ee oe we oe 
Belice=] C710On: 
(1) ALl units enter the system, and go Lee | 
; 
| 

(3) The remainin Un2t sm (NR2 + WB2) enter 

Process WO are served in the repair 
eee lacy Yo average time RC1, and spend 
aniaverag=] < SMeGmaW? (eWa2eI9g Parts. ! 
(4) Upon completion of the appropriat2 main- 
tenance actions most of the units leave 
the repair cycles teady-for-issue (RFI), 
and are returfied to mavenwecy (Naki + NR2). | 
(5) A percentage of the items that léave the 
repair process (NB1 + NB2) are declared | 
beyond the capability of the locai Ima 
Piceeleaty tO. Lepali= (MECH), and aré 
returned +o she wholesale system. An RFI 
Ue ees. Sent te che 4deczivity <crom thea | 
wholesale system, and put in inventory. | 
| 
| 





aD ee Pe ee eee GE ee ee -e -- EEE  e  S eP LE. GG a Se 


Figure 3.5 The Proposed Modél (Operational). 
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1. Application cf the M/Z¥/1 Hoaei 
Meplicacion cf the M/M/1i guene model] to the avail- 
able data necessitates making some assumptions and 
Manipulating tne equations listed in Figure 3.4 . Avaiiable 
Beeemccovide the infcrmation needed +9 computes “th process 
tates as follows: 
a) Lemand rate (j): 
let 
NR1 = numkter cf repairs without AWP; 
NE1 = numker cf BCM's without AwWP; 
NRZ2 = number cf repairs with AWP; 
NE2 = numter cf BCM's with AWP; ana 
re = length cf data collection verioil. 
Then 
precess one demands = A, = (NBY + NR1I)/+; 
process two demands = 2 eee?) / te 
tctal demand = —- Soe 
b) Service rate (x4) 3 average time in the system 2s knewn 
Exom the TAT data Dase, allowirg the Service rate to be 
computed. The subscripted variaaoles (ae de, es son d 
for the appropriate varianple 1h sither precese cne oF 


EWC: 
f gut 
Sc fas 
eyeeicettic tntensity (e) is 


Je 


Osco the forecast 


determined, 


O 


fer the denand 


the allowance for <=h¢e tepair 


17 (PA Ad) ; 
Mi + 4/Ti. 
beeetned dir: 
a6 oer 


> Wes, 


and 


as fclicws: 
a) Compute the quantities QLi(t') (sien oD percentile of 
the number cf demands to be received in (0,t'), =where 


the endurance 


e 
ne 
——_ iow 


+t 


period), 


aureeerRan(=") 


numker of repairs in (0,t'),/&t"). 


Ue 





b) Compute the alicwance from one of the follewing three 
cases. 
ieee cee teeeetecha fate ERi(='), use the infinite 


pier latznenweonmula fequation 3.3): 


l= See} 


Qi = 
t 0, @ She (Br) 





Oe Pix lieeneinit= yew sat(c'), use the deterministic 


hepa sapunoxiwsat lOn (Equation 3.6): 
Q.€4')= cm.) Qe. C )- ER: (4) (3.3) 


ae. re 1, use the buzldup approximation (Equation 


Sm): 
let 
Bas) = axpected queue bulidup in (0,¢') 
= (Ai-hi) x 28; 
GB2 (2°) = the mumpe= fom which the yalu¢e cf the 
CPO emer Orc=sem, Gdaset > bution with 
Beaters CrOsSses. =O SL3 and 


Cee we ae Ct) (3.9) 


These equaticns allew the proposed model to be used in the 
ic 


u 
maeermecesoa ce the lacksot population size information 


a 
he sample items. 


Data needed +c compute an allowance with this mod¢ei 
is essentially the same as the data needed for the Poisson 
model, rut must be analyzed differently. The steps are as 


Pol lews: 
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Peecmene@e IntOrMa:icn =rom che 3-M data base; apply a 
element limits where appropriate. 
meecemeute the following quantities: 
1) NR1 - numker of repairs without AWF; 
Py) NEI - number of BCM*s without AWP; 
3) NR2 - number of repairs with AWP; 
4) NB2 ~- number of BCM's with AWP; 
5) E(r?) - expected value of admin (in-precess) 
time; 
6} E(RC1) - expected value of SKD + RPR time fer all 
actions which had no AWP (NR1 + NB1) ; 
7) E(@c2) - expected value of SKD + RER tims for all 
actions that had AWP time (NR2 + NB2); 


iD 


8) E(AWE) - expected value of AWP for those items 
that had AWP (NR2 + NB2); 

9: F(OST) - expected value of off-station crder and 
ehipging <ime ror items BCM'td (NB1 + NB2) ; 

iWoje= = tame peri0d Over Which the Gate was gaczhered; 

41) FH - flyirg hours for the data period t; and 


12) £88 - flying hour forecast. 
eymecompucs the flying hour forscast factor (F), 
fee Cte 7c!) A MCE Jc). 
dj) Compute the demand rates: 


Mm, = (NB1 + NR1) 7 ¢: 
ee Best NRE ieee a 
Ms = d, c eas 


ct 


2) Cempute the uncarpaci 


ct 
iD 
Ou 
'O 
\-? 
ro 
D 
fo 
}?- 
$3 
ip 
£2 
tc 
ro) 
-) 
ct 
4-2 
ct 
- bad 


a 
1) Administrative pip 
PA' = FxAXeE 
2) Awaiting farts pipeli: 
peee= x Nex pEe(Awe) /* - 
3) Wholesale resupply pipelines forecast (PW'): 
pw’ = F x (NB1 + NB2) x E(CST)/*. 
Meetoediumuncapacitated Dipscline forecast (PT*): 
Pr’ = PAY + BP* + PW 


V7 





f) 


g) 


Ercvide Poisson 
safety level, as was 

SManticy is QP. 
Compute the quantity 
ene. 
1) Compute repair 
fa = x, 


Sroject future 


pres 


2) 


3) 
and the expecte¢ 
OLI(t") = 


1 
a 
re 


Jah te (ne 
i 2 een | od 1d 
mumoer in repai 
(S 


aA) 


safety level 

oa 
with the 
Iz 0, '< 1, and 
Memes tic 


5) 


Mmawation 3.8: 


Q1(4') = Po 


protection 


Frojyect tke protected number 


he SLth perce! 


Ea toon) aeome; in) = 


requirement that Q1> 0. 


repair 


Gomer’. er, he specizied 


done in Equation 2.4 The resulting 
expected to be in tepaiz precess 

rate (4) + 

+ 1/E(RC1). 

Brant vemmeneeis =< y (e, ) as: 


x 7 By - 


Ove 
d number of repairs: 


: t ant 
Pemeson distr 
eee ts and 


Bx ae 


OL ies.) solve for “the 
r process one 


L 1) 


<eerate *)., 
(Q1) 
by uSing Equatisn 3.7: 
1, 


20 the desired 


BRV(f£")< QLI(Z'), 


approximaticn 


+ QLV(t') - ERV(t*). 


6) If 


- 


Equation 
B1(t') 


QB1 (t*) 


1 use 
S498 


= (A - pu) x ots 


Meese OEOXiMat2on provided in 


h the value of 
Bigeeees cri cution 
Gmesecot 2C. SLi 


= the number 
tnewcvr Of 7a 
with tate Bl 
and 


= F x X, ue I; 


Q1(t") = Po + QB1(t"'). 
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h) Repeat step g akcve using the appropriate variaties tor 
process two to compute the repair process two all 
(Q2). 


The final allowance is the sum of the individu 


E42 LC e 


9) 
4 
{2d 
i— 
fi 
CO 
x 
f 


j~- 
a 


ancee (C), plus the allowed operating level (OL) of 
cneé. 
jel! neither the buildup approximation ner the 
eterministic repair approximation had to Dp 
mputing the allowances for precesses cne and 
two, the final allowance (QT) is a steady 
allowance, and is comput2ad as follows: 
le+ 
Co OleOle OP; 
then 
Cre OS £ OL. 


2) If either cf tha repair processes used one of the 


h a 
net availatie. The allowanc2 for the eéndurance 
period is: 
let 
S(=") = FQr(e') or Q1G + 3Q2(z) o= O28 + CS; 
then 
OT(+") = QOS(t*) + OL. 


SeeGemoues nig the Safety Level 


= == ee ee = 





The proposed model requires that safety levei varan- 
exears be established for the uncavacitax 
a 


ed ( 
esupply) pipeline, repair process one, and re 


wholesale r pair 
Process two. There aré numerous ways *c combine *he three 
safety level settings to provide an overall safety level 


equal to tke specified safety level. The simplest mectnoc 
would r= +0 let all three equal the speci 


:g 
flexibility in varying the safecy level serttin 


Bee 





repair precéesses is Extremely desirable. CousoGu=2*iy, ihe 
safety level parameter for the admin, ANP, and wnaclesals 


resupply pireline is set at the specified sater 


<4 
~ 
ib 
<3 
ib 
f+ 

= 
a 
J 
Qu 


the safety levels for the two repair processes are con 
to meet the specified safety level based on the torzal numker 
of days that items had actually been in each vrocess d 

the data ccllection period. The number in the repair 


rrocess is *he product of the demand rate and the average 


time in the crocess. Therefcre, 
Lot 
SL = specitied safety level; 
SL1 = process one safety level; 
SL2 = process two safety level; 
D1 = average number in process one 
= ,, xX £ (RCI); and 
P2 = average number in process two 
= \ x £(RC2). 
Then the following relationship must be satisfied: 


Gee Cle P2yee Sid epee Sk PZ. 


pieeeseeecyY higher authority and P1 and 

from the data base; to specify SL1 or SL2 befors the fina 
@ailowances may te computed. Fer computaticn purposes, SL 
Ware t1xed at 0.90. 


It was found in tests cf sample i 


cr 
(1) 
= 
{N 
cf 
co 
om 
cf 
Gi) 


Sit at about 0.97 or 0.98 generally gave the I 
foems On CVerall pretection. It was nacessary to nodif 
in cases where the linear relationship established i: 
Equation 3.10 cculd not hold. There were @ few items for 
which no maintenance action re¢si 2D 


d 
level was set to 0.90 in these case 
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UW. An Examp 


i 
P 


= 


hits 


The follcwing exampl= should helo to demonstrate how 


the mcdel werks in Ccmputing an allowances. The same kasic 
eee ised 2m the Chapter Ii example is utilized to facili- 
tate ccmparison. 
a) Gather TAT data. 
TAT element data (days) 


Bem Ss ¢ HHS RC 1 eZ AWE TAT 
BCy 1 0 Z - ~ p 
BCM 2 0 1 ~ = jeeete = 2 UnLES. 
BCA» 3 1 - 3 10 1[aeeioe = 1 unit. 
Repair data (recrdsred) 
Repair 1 Q 1 = = 1 
mera2r 3 C D = = S 
Repair 4 Q 0 = = 0 
Repair 5 1 2 ~ = 3 
Repair 6 1 3 - 4 
Repair 8 Q 5 = z 5 . 
Repair 9 1 1 = = 2 NR1 = 7 units. 
Repair 2 1 -~ 7 Sal Bie 
Repair 7 x = 3 24 oo 
Repair 10 C ~ 5 3 CumleZze= "3 WAlts. 


—_ ==. =p QE oP ae ae a GD of ee ee eee ee oe ce oe ee eee ee eee eee 
—_ ==). === QE <r 4 ate ewe aa « ae ae ef af abt ae em awe "SG ee ee ok PoP eB ee eee ee ee eee ee ee 


b) Ccmrute the following from ths data (revised TAT limits 


used): 

Ne EeO7 Var PO wer (days) fean 
Administrative IP 9 oo 2 
precess one Rea 20 eee 2 
Precess twe RIC 2 29 a 5 
AM@ai= ing parts AWD 58 17.00 
Seder and ship OSe -- 260 0 
Data period = a0 
ee case per + od us 6 0 

Miya nd HOUTS . FH 1453 hours 
Forecast £ lyin g fH 4700 nours 
heurs 
eecotrpucs the forecast factor (F) 
(Eel 7 Cli 
F = 135 007605 7 91453750), 
Eo= Vel DD 
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a Comeute =he 


> 
Hou 

© 

a 

5 


Gy units/day. 
e) Ccmpute the uncaracitated pipeline allowance. 
1} Admin pipeline forecast (PA'‘) 
PA' = F x \ x E(IP 
= 40758 £ 445 )7 -692, 
=" Qs unlts. 


2) Awaiting parts pipeline rforecas= (PF): 
pet = Pex Aa x E{AWP), 
= 1.755 x .C444 x 17.0, 
= 1.325 unics. 
3) Whelesale resupply pipeline forecasz (PW'): 
BAe = FX VeveNe2)/~.) x E{OST 
= iie5me iweo} x26, °°)’ 
= 1, 2 ein Si 
Mee ccviode Pe¢ifson procection for <chis pipeline 
pT!’ = PAT + Dpt + Pw! 
= 4.175 + 1,325 + 1.521, 
= 36021 Untees- 
Pesce PE Chanda Lliciscs@ronea meanwot 3.021 are: 
n 5B O5! F (np 
j 9. dibs 9. Jabe 
1 0. 1473 O.. 15 0 
2 Ome2 275 0.4185 
5 QO. 2240 0.6425 
4 One lee2 eet? 
5 GR 0) 22 0.9140 
6 0.0515 0.9654 
7 Dre ieee 0. 9876 
g 0.0084 0.9960 
Me = 2 Wrevides protection ciosest <o 0.90, 


Sc 
OF = 5 units. 


£) Cecmpute the quartity expected to be in repair orecess 
cné. 
1) Cempute repair rate (4): 
B, - 175 SBCL 
55 ee 
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2) Ccmpute the expected number of repairs in 


(ss 


Ere(<* ) Ss cy 


Sc 
BANE = 43288 oaics. 
3) Compute the protected number of demands in (0,c' 
Pet 
SEt = 0.98; 
then 
Ob" ) “mown mepescecntt le Of th> CDF of a 
ene OmemCCeka NA eke) SiS 2S 1bDutI Cn; 
F-)\-¢! = 1.755 x..10.x 90, 
=e 1 957 Une S § 
trerefecre 
QOL1(90) = 24 units. 
4) Preject future traffic envensity (,") as: 
Qe, * = Fx  X, a es 
= 91379 2 1 7 7° 
Bieocive for the pretected number in repair rrccess 
one. 
e,<1, and FR1I(90) > OL1I(90), eheretore compute Ql 
as: 
Cle Seni SL1)/1n (9, )) =e 


he 


Ea Xeet re 1+ P 2) 
290 x .544 


Si 2 


| it il HT 
—) > > 
wo bt wut 


il 


it 
© 
® 


1, 


sh Ut 


eee ~ 


Pie > 6 


Poe Ey 


Seems sol 2, 
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fbepect the above using the appropriate variabkles ter 


j 


Exccesc two: 


= 2+ 1/E(RC2 
CS mena e 5 obs, 
= 0.182 unizts/day. 
MC (=') = Mt, 
So 
BR2(9O0)"= .182 x 90, 
= 16.38 Units; 
Ege =r AG ee! ; 
<0 
B2(90) = 1.755 x .0444 x 90, 
=s7 2000. Un ts; 
QL(90) = 84.5th Cees eae cf the 
CDF of Poisson(/.013), 
= 9 units; 
fain = ie x vw / re 
= Oile D5 xX «Q444 fels2, 
=e 4 ore cna 


ees 1, and BR2(90) > Q12(90), So meade O2 as: 
Oo (in (1 - SL2) /1n (e,"')) = ie 


ne =, 845) J/in(.-428)) - 1, 
woo, unl. cs. 


Eecemruce the final allowance (QT) as: 


(D 


CS = O1et Oz + OF, 
a Rte Went lists 0 rg 
= 8.62 => 9 units: and 
QT = OS + OL, 
= 9+ 1, 
= 10 units. 
Meble XZ provides @ Summary of tne values computed 
by this mcdel versus the RIMSTOP tlevels. Cemparisens 


ag 
between the RIMAIR mod2l and the provosed medel will be 


crovided in Chapter IV. 


B4 


Ff 





ih pe am ee ce, ec ee ee CE es ee ee ea ee eee —_ 


TABLE XI 
RIMSTOP - Proposed Model 


RIMSTOP Model. 
Level Expression 
Répair cycle . 
dministrative PAt 
Froccess one Pit 
Frecess two Et 
Awaiting parts ely 
Crdezr and. Pwe 
chipping time 
fetal pipeline pt 
tforecas 
Pretected Q1 
ailowances Q2 
OP 
Hweezal vrotected Qs 
quantity (rounded) 
Satety Level OS=2* 
Operating Level OL 
wena: allewance On 


, 
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Ae QUEUE CHARACTERISTICS 


ime ineoretical Lifttcrences 


The M/M/foo queueing model, which is the theceretical 
basis fer the RIMAIR allowanc2 computation model, and <he 
M/M/1l queueing model, which underlies the repair perecess 
allowance ccmputaticr in the proposed model, were oresented 

eparately in Chapters If and IIif, réspecctively. Figure 4.1 
Summarizes their characteristics. The M/M/1 queueing model 
is distinauished frem the M/M/foo nmcdel by the limiz that 
exists on its service capacity. The assumption of a singls 
Beever 2ncczcduces the possibility that a unit entering the 


t 


Syocem will find «he server busy, @nGg <zherstore must wait 
for service. Use of the M/M/oo modest presumes that there 
Will always be an e€mrty server, aCe e wae uWwee 2 ng 2 i1Mme 


weer re 27erc. 


The difference becomes McoSt apparént when tha 
démanc ~ate approaches or exceeds the service rate. Even 
a 


Meaem ehese conditions, there is stil 
e 


rienced in the M/M/foo system; wher 
S 


awaiting service in th M7 Sse antiyv. 
When the démand rate exceeds the service rate, the My/M,s1 
system becomes saturated and the only becund that ¢xists on 
the number awaitin service in the system is the number in 


ene ecrudaticn itself. 

This basic differenc2 brings abcut every 
d2fiference ketween «he systems. For the same *raffic inten- 
Sity 0, the number expected +o be in the 4MsM/1 ey 
higher teéecause ci the presence cf units waiting for service. 

*he same reason, the total time that a unit is exrected 


zo be in the 4/M/1 system is higher. 
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a a Roget eee Came. eee 


| 
a | 
Parameter Sssump=1ORns | 
SymeEcl Name N/M / 30 M/M/1 | 
\ Artival Incéepenient arrivals Same 
rate Corstant rate Same 
Exponential Same 
‘Interacrival times 
| 
| 
Service Exponential Exponential 
aa rate S@qtTvice times, Service times, | 
Decne weal. LOL Single server | 
2ach server . 
Fach service is Sane 
independent 
Iraffic e = V/ e = */ | 
P intensity ve 
| 
P Mean # in 2>=0 0<0<1 FP = 0/ (1-e) 
ee Q e7 (1-@ | 
(pitelinge eas 1 PU ncian= 1 =C 
_ guantity), 
on Sah e ma Pp — oc | 
population 
ae | 
Per CS e<<1 = Ome O° | 
popudation x Gee leer = K/2e | 
K(K+2) (@-1)/12 | 
| 
Q>>1 Ee oie 1/0 
T Mean +ine T= PY, = lf T = 1/ (a-d) | 
in systenr d i p | 
1 
W Mean wait w = O a = T- T/p | 
time { 
| 
(n} Erob of. i <1 T (a) = 1-0) xe" 
r being ir tn) < 5 > 1 en — ” 
State n, ae i mae ven *) a 
clink <6 DOD 
| 
Prob #1 ar(n)=U-pe% _ pk") | 
of keine in c : 1-8 | 
ees De K 1 av } | 
TDicte Ee = = 
FOp © [f (2) Ti | 
| 
eS ee — eS ee a a 
Figure 4.1 Queue Characteristics, M/M/oo vs M/M/1. 
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2. Differences in Application 
Application of the data base to both modzlis starts 
with the same information: demands per unit time and average 
service time. The major difference in the models shows up 
in che computaticn cf the service rate, p- In «he M/4/oao 


Med]=i, the service rate is the reciprocal of the average 
x 


eevrce t2nNe (© = 1/1), which 2s also the mean time in the 
SYS én. In the M/My1 model, however, «he mean time in the 
System is the <zecifrocal of the agifference between the 
Peeyece tats and the arrival rate, (P = 17 (p-A ies 

nis valid only when the service crate ceeds the 


oe In order to ccemoute allowances, the 


C 
ig necessary tc assume that on the average the system is not 
a Vv 


Saturated over ¢ (the data ccllection period). This allows 
the servic2 rate to re computed as p=\+1/T, Sy sn] aeceuea. 
feervice rate used ir the M/M/1 mod¢i will be nigner zhan 
that in tne M/Mvoo medéel given th2 same values icr demard 
rate (\) and average time in the systam (T). Consequently, 


Pmemereeartic intersity eC oe ewece Lheeen=  /8/1 formulation, 
and tne assumption that the system 15 not saturated during 
miemmm@ena  ~ericd leads toa traffic intensity value {¢) 
that is less than one. By contrast, the o valu: in the 
M/M/oo queuse can assume any value because =zhe queue cannot 
k2come Saturated. 

The fact that both models assume tha= average past 
Beeperaence Gid nct result in saturacion is a key point. Te 
Q@ modei is developed without knowing any more akcut the 
service facility than the fact that i+ nad never been satu- 
rated, a modeller would be hard pressed to decide cn che 
apprerriate model; bcth of the quéueling BL 

could be used. The ksy difference bet 


—~ 


Meee) He abality <tc forecast the effects of future demand 


increases. Use of the M/M/foo model in for¢ecasting implies a@ 


838 





telief tha+ the system will never become seturatec, 70 


matter hew much démard increa 


(D 
” 


Ss us 
ellows fcr «he pessitility that the sy 
rated if demand increases sufficientl 1 

Mememtatter condition, limited repair capacity, thet led to 


the develcpment cf the propesed model. 


3. Theoretical Allowance Comparison 


The allcwances shat would be calcu 
theoretical model, given the appropriate tra 
lcm pirelins quantity) and protection ievel a 
Tables XII and XIII. (Table XII was com 


mew imowance iG@uantity that is closes* to the specified SL.) 
The *20n gueusing 


ifferernces generated in an infinite pop 
a 


tf 


memaezcn by the urderlying theoretic 


ct 


1 


6 


on Gs 

The Situation in which ther Cc 
feemeesc=> iS considered first. In this situaticn, berth acdels 
use the same pipeline guanticrt @: 


on 
explained in the previous section. Ta 
n= MyM/1 mcdel will generate an allow 


Bepetime Quantity is 1.5 units (trafiic intensity 0.60) ana 
M@ewore-ecticon level is 0.90. BY GOQ>al= ison, hemes KIT 
shows that the W/M/oo ncedel will generate an alicwance of 
mmc una == When the same pipeline quancity and ororection 
level is used. 

ioe Lrorecast facter. (7) is used tO anticivate 
increased demand, then the dirtference between «he allcwances 
computed ty the models becomes iargerc. tae =e). 33, the 
allowance computed by the M/M/1 model given the input data 


from the previous example would be 9 units: the forecast 
meee teCusdtenmoteéyewould be 0.80 (1.33 x 0.60), which lead 


Ss 
to an average pireline quantity of 4 unicts, and a protected 


hp 


Miemtacy CL 9. The M/N/OO model allowance would not increas 
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pees ee 60 90 «6CUpreteccion level allowance for a zratific 


eicety wor 2e0c) (NF. 33x M5) Qs stail 3 amits. The 2ffecr 


of having adequately many s2rvers is gusts substantial; 
assumMing that units will not nave to wait for service 


O Ww 
cause allcwances to be significantly lewer than if ecnly 


Single server is available. 


a fap ized Allowance Difrer 


nces 


Ye 


The RIMAIR and the provcosed mode] allowance comruta- 
Mee rLOceadures can be dteecctly compared bf the Eclicwing 
conditicns are met: 
a. all actions are repairs without AWP, 
Bemenche of the TAT cbservations is linitead, 


c. the average IP value is 0.0, 


fu 
® 
ct 
Fe 
iT) 
(D 
) 
j 4 
th 
{0 
(4? 
er 
= 
fo 
a | 
pis 


demand rate? (\) is sp 
e. the M/My1 system is rot saturated. 


eaeeerel words, Gir cGamcOoOmpeewsOneen De memo only if the 
Geom ecCViae the same SKD+RPR times afiwer tne dif#ering TAT 
E g 


Element limits are applied, and ali other TAT sléement ckser- 
e 


~p 


Vaticns are Zero. In this restricted case, roth mnodels uss 


the same values for demand rate (\) and oerecess time (T). 


Consequently, both rerecesses have the same excected pipeline 
(P), EF=AT. The service rates will be higher for the M/M/1 
queue, as explained previously. he M/M/oo model has 


T 
service rate (ee Ueto Py Wnt fore theea/is1 queue, e 
2 


Can be ¢xpressed in terms of P as follows: 


P= 6 / (1-0) 


in 
Oo 


P f/ (P+1) 


“O 
il 


OZ 





Peyote setolatiOneship, ait 2S straightforward +o compare 
the process rates ana alicwances generated by the twe acdels 
for any srecified level of demand. Table XIV vrovides two 
examples 

The top example (A) compares allowances computed by 
a 


m 
ten Model When the forecest d2mani rate is the Same as the 
b 


experienced demand rete. Ther is no difference in the 
allowances generate when the averags pipeline quantity is 
Mm Ouuni= cr less. Asc P increases, however, the prorosed 
mod2l computes allcwances ‘that are reater than these 
computed by the RPIMAIR nodei. Rees, ithe ditticremce ia 
allowance is 4 units: See sceene Hetowaence computed by the 
RIMATR medel, and 12 is computed by tae proposed model. For 
Memger Valucs of PZ the deterministic service approximation 
(for tte three menth endurance period) orzcvides allowances 
at least as large as those comoutei by the RIMAIR model, cut 
less than would aoave been computed by the infinite cecrpula- 
tion formula for the expected numb2r in the system. If that 


formula had been used, che allowzncées weuld have been much 
megmenrs 25 £cr P = 10 nits and 35 for P = 15. 

The bottom table snows the results of using the 
proposed model and forecasting a 254 lacrease in demand, bux 
bee 2he=-asS 2n #he repair raze. For ail values cf Pt 
equal tec or greater than 1.25, the provosed acdel computes a 

a 


higher allowance, ¢v Pps@Ximations for the three 


O 


€ 
month endurance rericd ara used 
Ths endurance aDproximations provide a cafa- 
Beye Gc mero ec. Fecquirements that are more “reasonabis* 
Piommericm@igeounded solutions in the infinite porulation 
Gt Care ie 


al 
case, Fut they are still not bounded as they woul 

bh inate perula- 
b 


humber in the population were known and t 
tion model used. The allowances provided y the two 
endurance period approximations can grow without tound 
Perea eC eee ice 11 Dat pO net yeand lieds 2omportant tc note 


tWeeseney ac net provide steady state sclutions. 
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TAB 


Model Allowance Comparison 


Safety Levels: SL 
Demand rate: PN 
Endurance period: t* 
Experienced mire of 


Forecast factor: Ff 
| pf RIMAIR modé 
a. 1% C Allowan 
! 0.1 0.1 0 
ma Gee | Ce2 0 
(oe 2 Oe 1 
fee > f 60.5 1 
were | lene 2 
| gue be 3 
Pezrc Za 0 3 
ieee) i 3.0 5 
i. 0 | BaD 8 
nee F 1020 14 
Wien | 5 a0 20 
indicates cases whe¢re 
eeeroximatidn for the 
Ccmparison using the 
process Tates and fere 
See ts and T as a 
Pecegast <actemg:  F 
Ferecast demand: }' 
Bem -cast OL G: Q' 
Heteceas = COL EF: Ee 
a. (Cf RIMAIR mcede 
= D° Allowan 
Ze Oe iZs Q 
(2.259 | O25 0 1 
see | Cee = 1 
foe 0. 62S 1 
Plc 2  e¢ ee 25 2 
Piece. | Vena 3 
aoa ger 4 
|2-32 | Jae 6 
Od be 2 5 g 
izes 12. 30 17 
ress) 16.75 24 
indicates cases where 
approxina+ion Bot eas 
indicates cases where 
raté approximation was 


e.g —— i a RR Rg a 


me. ©e€Btarison with no forecast demand increase 


=aEapapaDm ab Wi ape SRP et ae er see Seer I ewer SP Se SBP eee eee eer ee eee Ue eee eee eae eae eet eee eset eae eer eet eer Seer See es ee eee ee ee See See eee eee ee 6 Sle 


NT eee eee eee 


ee eee 
LE XIV 
= 37807 4 
= a 
= 3 Fees ne! 
aS ists 
= 1.00 
ii! Proposec model {Incré 
ce 9 Allcwance | (7) 
fie0.<.0 91 0 0 
oe 167 0 | 0 
ime Oe 23 I 1 0 
es 333 1 | 0 
{ 0.509 2 0 
{ Q.600 uy 33 
i 0.667 5 60 
ess 50 o 43 
(mecca 3 dz 50 
oe 0g 14% | Q 
no. OSS Cote 0 
fe  d2ateuministic service 
endurance period was used. 
above Poiemdata Bee pred: ct 
casting increased demand. 
bove. 
lis 2D 
= 9.625/aay 
= F x 
= ‘'X 3 
lL | Proposed modei |iIncre 
ce | o' <Allcwance | (4) 
a ew ee) ee ee ee ee ee a a a ee { sme ew ew 
f e174 0 0 
(Us 2038 1 0 
| wee 28s 1 | 0 
[ress 1 | 0 
| 05625 ty 100 
| 0.750 7 TS 
(eee 3833 12 { 200 
0. 938 Ox | 50 
i Loire | 17 
| We s5 or | a5 
oer 7 2 37** | 48, 
the deterministic service 
endurance period was used. 
wren maucaner= be. -od buzidyr 
used. 
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The steady stat2 solution zor the M/M/foo modei is 
Peeve ded fy the Poisson distribution, and time tc reach 
steady state is never at issue. Allowing the M/M/1 system xO 


become saturated, however, requires that an endurance rferiod 
+ 


Bemepec.f1e0 in ordes to compute ailowances for the tran- 

Sient states. Ever if the system is not saturated, the 
‘ ; . f ° , 

steady stats approximation using SL= 1- (°F) provides the 


same allecwance whether =0.01/day OL = 0 aan, as londa as 


ct 


he ratic Am Meomecnee ne the time t6 seach this steady 


is consideratly longer in che case N=0.01s4ey, 


in 


2 
— 


fy 
ck 
di) 


however, ard the allcwance necessary to suppor* a 990 day 


operational period is lower. 


Be. SENSITIVITY TO INFUT DATA 


— Tata Base Pr am 





The data base used aS input to either model has 
humercus rreblems, Ear oe lanky in Cc 
Manufecturer's parts numbers to num 
Eecause cf these preblems, ASO personnel are required to 
Manually massage the received data prior to the comput 
cf allowances. As a minimum, they compare at i¢ast * 
Semecate COVELinc Sitilar usage periods az similar sites 
kefore accepting any single ser cf inputs for al 
computaticn. Large differences in TAT, percentage of 


repaired, and demand rates are common. The current on 


j- 
ct 


+ 


reascnadly stable ir that reguir2es fairly substantia 


ct 
O 


@memges in Che Of theses factors befcere an increased or 
¢ 


Should be 


er 
ct 

ts 
(D 

ty 
+ 
os 
ve 
-4 
ig 
oJ 

fu 


decreased allowance if comput 
just as statle 

Tecmmmeneprice Of MOSt Components; *+he usual tight 
Rime Gms =raInts Ch transportation, repair, and precure- 
ment kudaets; and the long lead times necessary for beth 


budgeting and precurement all creat= a strong influence for 
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establishing an item's allowances once only when the Lten 
first enters the suprfiy system. Frequently identical allow- 
ances are established for a group of sites, such as aii 
aircraft carriers, and are considered fixed unless eExtraor- 
dinary conditions arise. Allowances ar2 changed, cf ccurse, 
Primarily as unanticipated demand forces increasas. Poor 
Met ial Provisicning, lower than expected reliability or 
— Ptemor EeOa's Ppatais, and nRumercus c*her 
ituaticns cause thes¢ increases. The environment remains, 
however, to minimize change as much as possible. 
Proresing the use of a new model requires <«h 
estimate cf its effect on the established system be made. In 
the case of the model proposed in this thesis, the effec 
could b2 significant. The use of relaxed TAT limits causes 
higher allcwances te be generated for many ite 
m@emtiei1con of BCM TAT in the pipeline also increa 
ances. The use of the capacity-constrained model would causes 
allowance increases for items with P values above abcut 1 
Vas. Nene of these effects is necessarily bad; in fact, 
establishing the validity of the proposed model migh+ create 
a vehicle that would kelp justify additicnal funds for 
needed suprert. Certainly the existence of ver re 


Capacity cconstraints en the VAST system is well 


0 


Estaklishing a2 léegictimat? cost for the all 


Suppert this system at @ mobilizati id trevide 
flanners with infcrration for making a better cost- 
effectiveness tradeoff on System support. It remains *9 be 


Shown, hewever, whether the model is useful on a 
G@mmase Or Site-to-site basis, or whether i+ is ~o0 sensitive 


to smali changes in input data. 
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The relative Selvcemeayaty of the RIMAIR medei 


compared to the rpropesed model can be demonstrated using the 
m 


sample input data used previously. EJ sGuGearnc CONDaze 
allowances on a fair basis it is necessary tc usé¢ ths séne 
input data in 2ach medel. Consequently, the RIMAITRK nodal 


eee. Ce modified to include BCM TAT and «=o 

Mere lamits developed in Chapter III. The resul+ cf doing 
this is shown in Takle xv . Part A of the table provides 
Mme ereut data, Which is applicable +o all exampies in «his 


section. Part B shews the allowance computaticn with 


BE 
i. 
rss 


the cricginal and revised inputs to the RIMAIR model, and «he 
allowance computation for the proposed model. 

Inciusion of the BCM TAT and use cf the relaxed TAT 
Sens=raint 
RIMAIE mec 
what kighe 


—n 


=nereases the pipeline quantity used in the 


———_-e)e ‘ae 


eee comes. (4 tO gad tnzts. The pipeline is secng- 


i4 


in the proposed model because of ¢t 
factcr. If the forecast factor were 1.00, both an 
eve wn] Sane tctal fipeline; with 2 forecast fac 
Mma ecne, che nugber in the repair 


processes of the prepos:d 
model grow faster than the forecast factor bécause is 


: So» of. time 
increased number of unitS awaiting seéervics. The major 
difference between the allowances computed by the <+wo 
models, however, is the increased safsty level quantity 
computed Ey the prepesed aodel. 


The follcwing examples are provided to ilius«rats 
eae: Vv 


Siemeeeerece that different input data w 


allowances generated by the RIMAIR model ané tha preposed 
mod2l. In sack case, the results of the allowances computed 
MoleeGe Gelipered tc the allowances shown in Table XV 

TAT 


Allowances computed for the RIMAIR nod2l include «the 3C 
a 


and usé¢ the relaxed TAT limits. The example cases 


a 
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TABLE X¥ 


a as SF ae ee <2 <a wee ees ee ee ee ee ee el ee Se ea a ee a a a a a ee a AT SS 


RIMAIR - Prorgosed Model Allowance Comparison 


a (days 
Swe the 
- Z 
- 1 
10 19 
- 1 
31 39 
- 5 
- 0 
- 3 
- uy 
24 37 
~ 5 
- Z 
3 8 
days) Mean 
: ~692 
Lite 
ewe S 
P09 
ZOU 
hours 
hours 
5 


Proposed Mcdel 


i. input data _ 
TAT element dat 
IP Ron ReZ 
BCM 1 0 Z 2 
BGM 2 0 1 = 
pen 1 - g 
Repair 1 QO 1 = 
Repair & 1 - 7 
Repair 3 Q 5 a 
Réefair 4 Q G = 
Repair 5 1 2 = 
Repair 6 1 3 = 
Retair 7 4 = 2 
Repair 8 Q 2 = 
Re Caan 1 1 = 
Repair 10 0 5 
NGtene. Var Bore eo 
Administrative IP 
Process ons Rao 29 
rPreesss two Rie ae 
Awa@i-ing fae AWD 68 
@©rder and shift OS. Tm 
Data pericd | t 90 
Forecas* pericd = 60 
Peyong hours. pete 1453 
Torecast flying FH 1790 
hours c 
miyetGme2olm Ceepor Ff ieee 
B. Allcwance Comprtation 
ReorSTCe RIMAIR Modai 
Léevel Vaz OF f¢ad@ Revit 
units units 
Repair cycle 1 | 55) ZS 
OSt PoP. we 2 ices 
jerai Eircseline Ee Se Saueke: 
Safety OE=Pit ees G 2. O02 
Orerating OL ie0 0 5010 
Total CE 6 i 


*CST figure fer revised RIMAIR nodel 
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| Var Une Ss 
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| Pat 1.52 
| > ere 
| Qs-P! 4. 76 
| OL tO 

OT 10 
mice uces BCM TAT. 
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a) The percentage cf successful repairs 2s increased to 
m 


100% (same TAT ckserved). 
b) The percentage cf successful repairs in d¢creased to 
WER . 


ee ike fiving hour factor {F) is 1.00. 
Seine flying hour factor (F) is 1.25. 
€é) Nc AWP time is exverienced. 
These aze the type cf differences generally observed when 
sites with similar aviation Support missions are compared. 
These cases are "wnat if" cas2s, using the TAT data frem «the 
13 maintenance actiors listed in Table XV to compute allow- 
ances as if the number of Successful repairs were different 
in cas¢s a) and b) e as if the future demand [Ioréecast wers 
@etferent in cesses c} and dj), and as if the piece-part 
Suppcrt were improved :.n case 4). 
The cass (a) assumption, eiaeeett 1 


a 
resulted in successful repair, nas the same e¢ff 


Q€ailcowarces cemputed Ey both models. Table XVI 
eiemsecstlts in the folTowing format. The RIMAIR medal and 
Sid] tO= 


Brew precpcss¢d nodel are shown on the left* and right 
ta SD: QU 2 


the 


actively. NWO 


O 
rh 
O 
& 
ct 
DO dW 


Beeeseac: wedel. For the RIMAITR model, th we fron the 
Table XV example (in the column labeled "“*Rev") and <«he 
Sueput that results from the change being iliustrated by <he 
current case (column iabeled "Now') are provided. The 
columns labeled "Orig" and "Now" for the preposed model 
ep. e€Sen= =he Table XV example and the current cas¢, respec- 
tively. aed aoc) Soe 0 & CUCDUc meen e Ga-a a=jS grcured tc 
help illustrate the pipelines that are computed by the 
models, and *«he allowances that ar génerated by the 
fapelines. 


Deol ewnevr A shOws that the alilcwance “hat weuld 
£ all of the 13 units inducted had been successfully 


repaired would ce 5 units using the RIMAI® model, and 8 


og 
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A. 100% cf items inducted are repaized. 
_RIMAIR Model Proposed Model 
Variakle Rev N ow Var Orig New 
ee ee ee | ee 
iP AS us ks 
fer Pe 133 iro 
| B® 1.52 O1,.0 
EES laos ODOM lee te 36 02 tea DY 
| ->Q>D 5 3 
{ Pi! 247 247 
2! 15 aS 
PR! 2.058 2. 46 | ae 2 teeZ0 120 
Pp So 2.46 pt 4.24 ae 1 2 
SL Cie 1. 54 | SL 4. 76 4.28 
Cre 6 4 Qs S i 
ae 1 1 | OL 1 1 
Tetdi 7 3 | 10 8 
Epmeonay 46, Of items inducted are tepaired. 
_RIMAIR Model | Provosed Model 
Memmeabie Orig Now | Var OT ag Now 
{ PA* sghe - 18 
[Pe ss las 3 
PW V2 Bis.) 
PB? eos 4.907") pr 3.02 05 
->QP > 8 
{| Bt 247 24] 
| =O de 4 2 242 
| Jer * ous 215 
PR* Dron) 3 ne ->Q2 liee2 0 a0) 
Et a0 On. 1 er 4.24 G2 
SL Zee Cae | SL 4.76 Sie 3 
QF 6 9 OS 9 12 
OL 1 1 OL 1 1 
ECO cal 7 19 10 13 


TABLE 


Model Comparison: Varying Repair Percentage 


XVI 
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units if the proposed model were used. These allowances are 
roth two units less than the comparable allowances generated 
in Table XV This is the result of eliminating che whcelesale 
resupply pfireline. 

The case (b) results are shown in Table XVI B. The 
Mumber cf suecessful repairs t9 is reduced =o 6 cf the 13 
units inducted (46%). The starred (*) quanz=ities for the 
FIMAITK model actually depend mnwhich maintenance acticns 
eed TAT, icw TAT, cr whetever) resulted in 3CMs; «he total 
RIMAITR pipeline will be the same in sither case. The alic 
ance computed by the RIMAIR medel increases 3 units “ca 
<sOtal cf 10 units when the number of BCMS increasé«. Ag 
allowance computed ky the proposed mced2l also increases 3 
Meees, tC a tOtal cf 13. In both models, the increase is due 
to the larger whcelesale resupply oipeline that results when 
fewer units are repaired locally. 

Tf BCM TAT had not been included in the RIMAIR pipe- 
line, the allowances that would have resulted would have 
keen lower. In the case of 100% repair, the allewance would 

crea BeOmM. tHeomOotIganal 6 <O 5 Waits. =n the cas2 of 
fewer repairs, however, the final allowance depends on 
OWing specifically which of the maintenance actiorse listed 
in Takle XV A resulted in units béing declared BCM. oe oe 
2 1th the highest TAT had been declared 8CMH, cH 


W 
ing allowance would be only 6 units; there would be no 


D 


ncreased 


- f- 


ie 
increase frocm the criginal allowance because the 
cE 


resupoly pinvéeline is offset by a reduced repair vipeline. 
i the UeeeoewL th she Phaqghest TAT had been wreraired, 
however, *he increased repair pipeline causes zhe resulting 


allowance to increase to 8 units. 


Mees belies tc illustrate “ae need for including the 


tm 
‘? 
ia 


TAT in the pipeline. The expected number of units in 


ct 
ae 
(D 


tal pireline dces not change in these “wo cases, tux 


c+ 
ry? 
iD 


allowance computed varies by <wo units because in the 
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first case (where the allowances remains 6), the BCHM'ad items 
had substantial TAT that was ignered; in the second cas? 


if} 
Ge 
‘ ‘ 
x 
OD 


(allowance 8), they had relatively littie TAT, 


deficiency was minimal. 


am 
av 


tf 
iD 
a 


aD 


Cases (c) and (d) illustrate the effect demand 


@ieemeng hes On the allowances. In the ‘first of these, 
presented in Table XVII A, the allowance is computed 
directly from the input data, without any forecasted demand 


JT 
iD 


increas¢; the pipeline quantities for each model are = 
same. In case (d), a forecast factor of 1.25 is used. 

The allowances computed by tne proposed model are 
still greater than the allowances compute by the Rivark 
model in cases (c) and (dj), Diemer eessatoOUne that .2¢ 26 
greater has decreased. impces= {(G) (Fr =1.00), =he p 


L 
allowance quantity is reduced two in the uncapaciztated pipe- 


femme and two more in the repair cycle because the traffic 
intensities have been Significantly reduced. The zest. ae 
allowance of 6 units is now only one unit bigher chan tna 
allowance of 5 cecmputed by the RIMATR model. The reduction 


in allowance in the propesed model that results fr 


é 
traffic intensity can be used as an argumen+ that in 
7 


repair capacity for scme items would result in lower allew- 
ameGe dguantities. In reverse, it shows the aiicwarnc: 
increase necessary when forecasting higher demand trates 


without an increase in repair capacity. 


iGere2sing the forecast from 1.00 te 1.25 Eaises ali 


O 
rh 
it 
eg 


e cates by 25%, as shown in Table XVII 8. The exrectec 
number in the repair pipeline of «the proposed tnodel 
increases slightly acre than this. Both models exhititz 
lower allcwances than in the original case wher2 F=1.755, 
but ¢ach increased the allowance one unit over the case? 
where F=1.00. 
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TABLE XVIt 


Model Comparison: 


RIMAIR Model 


Varying Forecast Factors 


Ae Demand forecast factor (F} 
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Proposed Model 
ee 
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eet) a ey mm i get we ce a a a a ee ee rt es rls ees ee ee es ce te ee, SE ee SS ee SE n,n ee 


mod 





In cases (a) and (bd), pet h Bae RIvPALP moce! (wath 
BCM TAT incivded ard using revised TAT constraints) and *he 
eropcsed macdel showed the same relative chang¢s Le*ween 
allowances; in cases (c) and (da), the proposed model 2xhib- 
ited larger decreases in allowance because the traffic 
intensities were lower. The last case, case (€), shows the 


effect wher no AWP time is experienced. Tabla XVIII provides 


2 Ee oO ED eee cs ee ee a i a ee eS SE eS eee 


] 


- 


TABLE &VIIT 
Model Ccmparison: AWP Eliminated 


| | 

| 

| 

| | 

RIMAIR Model | Proposed Model | 

Var Rev Now ! Wau Crud NC@ | 

| { PAt - 18 el i 

| Ae dc 5 Cr0 | 

[ee anes 2 1.52 

ee en) ( 

| pat 4.9514 {PRE 3002 1.70 | 

| Perr os 5 3 | 

| | Boe oid Vos 

: EZ? ts Ori0 | 
| Be DiS 1. 16 | =o? are 20) 0.0 

wee ew we oe we ee —-——<_ < = ——— @-<ax—_—_m oe oo oe | 

| eee Bao S 2g | Ee 4.24 oe | 

| age Zade (aver ast 4.76 Sc) 

| | 

QE 6 ub OS 9 7 

OL 1 1 | OL 1 7 | 

ee << <= «4s <o on a —— | 

| metal 7 S | 10 8 | 

CC Ee a 

the results. The croposed model again exhibizs the same 


a 

@ecteate in allewance (two units) that the RIMAIR nodel 

does. With no AWP time experienced, all of the units are 

essumed tc go thrcugh the same redair process ir the 
= 


Pempceedeidcde!, and the expected number in che system (at 
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f=1.755) is higher than it was whan there were two separates 
meeatt proc=ssses occurring in parallel. This is a fiaw in 
the prepesed model; the expected number in the system should 


Mec tise this much. 
iaembEOpecsed s9odel did not exhibit any more vari- 


$- 


meee cy in Gases 2), by, and =) than the RIMATR model with 
ci 


evise 


a 


input data did. In cases c) and dad), which examined 


6 
the effect of forecasting, the changes in the proposed model 


x 


ere iargéer, which is exactly whet it was designed fer. nh 
the case cf F=1.00, the proposed model computed an allowancs 
bh was orly 1unit higher than the RIMAIR allowance. Ax 
F=1.25, the prepesed model allowance was gs 
Peger. inthe criginal case, however, with F=1.755, he 
proposed mrodsl computed an allcwance that was +*+hree units 
higher, bemause *+he traffic intensities in the ctepair 
Processss were increased Significantly, without any expected 
2meTease in the repair rate. 
Thes2 few examples help to iilustrate zhe changes 
n u = 


Eroucht abcut ina singl? item whe eo racuwors “a 


G@meeged. In Chapter V, the complete s 


é 
eyoamined to show the effects some of zhes2e s 
5 


f 


when the models are applied across pé 
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A. USS RANGER DATA EASE 


The data base previded by NAMSO was used in a simulation 


to tes the hypctheses that evolved during th modeiling 
process. THe  pPpEeCGessing dates, for each action (1.4. 
removal, Baie eiOn, etc.) were used to simulates the 


pericrmance of the allowance levels d¢veloped by both tne 
RIMAIF nodel and «he proposéd model. 
Simulating with real-world data has beth advantages and 


ericus drawbacks. The key advantage is that the assumpti 


4 


ie OS 
tiem were deweloped: about the distribution of the TAT 
a 


element times did act have +o be used in gener 


numbers, as weuld have to b2 done in develcping a 
Monte-Carlo simulaticn. The only statistics that were drawn 
from the data were the average TAT element times and wthe 
humber cf transacticns of ¢€ach type that cccurred; all 
repair cycle actions were assumed to happen cn the dats 
indicated in the data base. * 

There are two sadvantages tc using real-world data in 


Simulating the perfermance of the mod3ls. First, it does nox 


st 


allow for multiple <= 


a 


{n 


Of any given hypothesis. Ne ccnfi- 
agence interval for the results can be obta 2 


d, 


ine wW 
repeated trials of @ Monte-Carlo simulation with different 


*wholesals Tesuppl time was not included in the data 
Fase. This time intetval was set deterministicalil as 26 
days whicn was computed as the expected value of wholesale 
resuvely time when B= of reguired Ltams are supolied in 15 
days, and the remaining 15% are delayed an additicrai 74 
days. These times are the NAVSUP oals for whelesale 
cCesupply cf aviation activities. Deck ce -e2crtWaql ressupaly 
times is nct considered a serious deficien Cy becauss he 
PeOpoced Mocel waS Duilt to model the repal process and 
comoarisons between the two models are ror Reece seams) 


affected. 





bh 
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Eenaek numbers VOUPsGe NECUlmecme CONSE Tuction ct cor 


if} 
;s 
ta 
Ca 
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intervals. Consequently, results from the varicus 
fmom= May bce accepted as ark indication of prow one model 
performs against the cther, but are in no way ccnclusive. 
ANC =her disadvantage of using ceal-world data is that it 
te biased. Beeecemice at's ~experienced by ‘she RANGER 
Meeeeec. not cniy their own repair capabilities, but alsc thse 
humber cf RFI units in inventory. There are “hree repair 
pelorities used cn mest ships: low for normal steck rerlen- 


ishment, m¢dium for high-demand reapaizaples when «hey fall 


to 25% RFI on hend, and high for units needed immediately 
for installation. These latter units are known as EXREP's 


(expediticus repair units), and all ¢frorts ar 

Gemole+> EXREP's quickly. Cross-cannibaliza 

ccmmcr in ‘this situation if ther2 are any AWP units from 

which to cbhtain parts, and off-ship parts expediting is used 

to the maximum degree possible. The important point, «here- 
D 


foc eG | is that RANGER TAT data reflects te 


t dj 
O 
J 
G 
3 
2 i 
» 
ey, 
$)) 
ct 
sa 


régquired Fy both demaand and inventory posit: 
bas provides the demand history, but tracking invertcry 


Beeacion cvVer time is considerably more difficult. 


pau 


It was noted in chapter II that the model used f£f 
AVCAL*S was not the RIMAIR model but an claer mncdé 
Beevyid=ed Fcisson protection to the repai 
added an attrition pertion equal to tne 90 day BCM fcrecast. 


Altnecugh these guantities can be obtai the number cf 


eae 
iN 
| 


units actually on board at any given time would net be knewn 


because actual inventory levels may not have agrsed with the 
ailowances, i1.e., fart of the inventory was cff the ship 
Supporting detachment operations and/or dates fer raterial 
received frem th= wkclesale system are not available. The 
bottcm line is that the ship has +o manage wit A given 


Viet Urmes and ths TAT cbS2Stvations must reflect chis. 


Consecuentiy, the simulation cannot forecast how the RANGER 
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might have done with different allowances; 1% can only 
compare the performance of the allowances computed by che 
RIMAIR and propecsed models when applied +0 the RANGERS 
data. 


Bo MEASURE OF EFFECTIVENESS 


The desired inventory goal is *o0 provide a specified 
Minimum aircraft availabilit aos the least inventory 
investment possible. This is not possible in this simuia- 


i 
tion bscause there is no simple method for zwelating ne 


avallability of ccmponen<s Oma era st avasmmeal Viv. 
Additionally, [om UleeeOE™oCCeero= the ~2 ens wets rot 
mm@emnded in the sample data specifically <c avoid tne tcssi- 
B2i_ty cf a few extremely high-priced items influencing the 
results. imiea0 Die Catacm~ Uber co considera“. ons can be 


memeem =2antc acccunt by varying safety leveis (or hy so 
cther mecthed) and would prebabliy have sin G 
either «he RIMAIR or proposed model allowanc 


23 
An inventory exsfectiveness goal can always b¢ teached if 


enough items are added to inventory. Budgets fcr inverntcry 
procurement and rework are limited, however, <0 inventcri 


models must also be reasonably erficient in t¢rms ct the 


Mimeer Of Units *hey stock to rzeach the goa. Tae measure 
of effectiveness (MCE) hOr “gheSsecumi ation, “herefore, 
should reward an allcwance mcd2!l <=ha+ comes closes te meeting 


the stockagée goal (assumed +9 be 90% in accordance with the 
safety level setting) and penalizes a model «tha 
Beem ragh an allowaree in doing this. iMpemere i 2CU 


SPpPpLying such an MOE is in deciding an apprcor: 


a 


a 
ketween the reward and the oenalty. ieee +t 
results cf the simulation, then, DOr sme achic 
tiveness figures ‘fcr each model under a given set of 
he,eeard che tctal number of units computed by the 


ic 
model fer allowances will be provided. 


108 





C. SINULATION RESULTS 


The simulaticn results show the relative values fora 
number cf pelicies that have been recommended. Eecs=,  <=he 
RIMAIR and proposed models are compared in the form in which 
they are presented in Chapters If and III, respectively. 
Comparison is made between the protected pipeline and repair 
cycle quantities that each model computes, “2-ROuct adding 
any operating level cr mobilization additives. The RIMAIR 
model is then wade comparable to the proposed mods! by 
applying the revised TAT limits (Table X) to the input data, 
ena Dy including the BCM TAT in the ovipeline. Both mecdels 


are then enhanced by stipulating 


iv 
53 
}~4 
v3 
i # 
mS 
6 
= 
O 
iJ 
D 


day TAT for 

any action +o help cecmpensate for the lack of time discriai- 

naticn in the data Ease. Next, the res 

ecpezating level cf cre each is Shown. EXxa 

where each model seems tO perform 

and analyzed inan attempt to distin 
c 


that make one model cr the other 


The Jast <twe Sinviations explore two differen*+ aspects 
Geet he medels. In tee cCises: Sf thessc, dzfferent safety 
level settings for the propos2d model are compared. the 
Erropcs¢sd model resents more tlexibility for sat 
a 


development because of the tradsoff between sg 

See ii¢f feraiz> process one and two, and tna ef 

tt ings™is™shown. Finally, beth models a 

CPewiamee = We SNMP Elyiwe Srour faGtors in “he range 
u 


a 
Toe er 2.008 Phe wse of increds 


«hi 


ime ousS (Ss Supecrted 


dt 
c£ the RANGER'S deployed operations. 


ry’ 
ha 
$s) 
tI 
™ 
Bs 
mS 
in 
2 
LF) 


The baselina Simulation results presented in table 
Peep lovece Tie recules Of the REINATR and the prepesed 
ete foes eno y woWr Oo pe=forn wWerhowwry™ considering cpera*ting 
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[Meyel= in either model, without setting TAT to a mininua of 


cne day, ara coe 1ncluaemgecn= BCM TAT in the PINAIP 
pipeline medel. Additionally, each model uses its cwn TAT 
Mem@etlainits. This Gemparison iS presented as a "worst case" 


analysis. 


Fach simulation table provides the parameters used 


Sn that Simulaticn ard the results of the simulation, which 
ate the summaries of the modél verformance for the 79 samelse 
Gens. Lnrormaticn provided includes the number of simulated 


Meenes page off-the-shelf, tha number of EXREPS that had to 
be precsssed to satisfy the remaining demands, off-the-shelf 
m 


effectiveness, and the sum of the allowénces for all its 
nu 


Toe ‘"Deltet column in Table XIX indicates the mber of 
additicnal cfi-the-shelfi issues provided by the fErerbosed 
model cvéer those provided by the RIMAIR nodal, and the addai- 


q 
units in allowance tequired +0 make theses 


ry 


tional number o 
issues. 

The baselin2 results are biesed against «he 
medel because it is hamper2d by the current conservati 
Jimite and ty the |exclusion of TAT for items declared 
mene piceline. ec er ve w omc mon oaseG model tha= will 


Beem be applied to AVCAL's and other aviation outfitting. I+ 
a 


emote =aeang tC note that =t would have provided less “han 
foeieeoteene Erit=ctiveress goal of 0.90 protection. The 
. Ma@e MM Chawter II are repeated: the current IAT 
Peete acremmcon Dest rictawe, fatdwme to uss BCM TAT in the 
Severin 2s a serious d2ficiency, and che underlying 
@=esumpe2en Ct unlimited repair capacity is not valid. 


The proposed med2l also falis short of the desire 


perfcrmarce of 0.90, but toa Lesser degree The medel is 
Wety sensitive tc repair rates, and the inability to measure 
repaiz times in hours nay affect cthese results. Similarly, 
+he mcdel assumes that demand and repair times are constant; 
Significant changes in the rates ver the ccurse cf “he 

m ae 


O 
deplcyment are likely to diminish the 
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TABLE XIX 


camtats GO” agen emia anal 


Sisulation: Baseline Comparison 


| 

| 
| * 
| Purecse: To provide baseline figures on the RIMAIR | 
| model aS it 1S presented in Chapter II, 
| and on the proposed model as presented in 
| Gna pasr Lil. ! 
f Parameters: | 
| Plying nous cteewor (FPF) = 1.00. 7 
| Ate limitss IP See Bee RC 1 Fae AWE 
| RIMAT 1 3 8 - -_ 20 | 
Freoposed 6 a = 12 Sie. 60 | 
| Minimum TAT: 0 days for both models. | 
. . | 
| Safety levels: Uncapacitated Repair precess 
| Seana One Two | 
RIMAIR a0 
| Froposed 0.90 Micrel o ¢ max 0.90 | 
| Cperati ing leve is ,§nO- “ame igedesy aliowances. | 
Results: Model : 
| RIMAIR Propossd Delta 
{czal demands 2884 2884 
| fo-al issues ZT Sao +a | 

| = = i a 

| Total EXREPs Te2 7 914 
= = = === i 
| Cv2rall effectiveness 43.6% 68. 3% | 
Moeal allowance {units 161 paG 2 | 
=== ==== { 
! | 
| 
ee ee Se ee ee ee oe ee ee ee ee oe on oe ee ee ee ee ee ee oe eee aneeem an <p ana onan nae anened 


her comparison cr the RIMATR medel with «he 
rropos2d mcdel cn the baSis presented above is not very 
enlightening. Tc achieve a mors 

input data for the RIMAITR model is made ccmparable with the 
rropeseéed acdel, and the results aze shown in Table XX . The 
results cf four separate simulations are presented in thac 
table. First are the baseline RIMAIR nodeli resul<zs shewn in 
femle XIX. Next are Sellte 7) Of vaadingeth>s BCM TAT to 
the pipeline before computing tht RIMAIR allowances. The 


_ 


/ 








P 
| 
| 
| 
| 


TABLE Xx 


Simulation: RIMAIR Baseline Improvement 


Purpose: To provide baseline figures on the RIMAIE 
model that will be comparable to those of 
the propcesed model. 

Parameters; 

Pivmng hour waaetcr (fF) = 1.4.00 . 
pt ees: ie SKD RE R RC 1 eZ AWP 
ays 
eens) 1 3 8 - = 20 
Revised 6 = = AZ o> 60 


Mininuc TAT: QO days. 
Safety levels: Q.90 
Cperating levels: not included. 


-=_>  @ 83a ee SU Se ee ee eS ek elt 


results: 


i OE ggg Se ee es SO oe eee OS ee, a 2a 8 eyes Eee _ see, Se ee mea SO ee SO ep ees SP 


cs I eg I iy SE ii iy RIN i, a I sy Se OE a I i, NE ie 


a RIMAITR Model _ 

Cet ginal W/BCM TAT W/revised Pee 

baseline taciuded rad Corns . hoa. 
Demands 2884 2384 2834 28&4 
Tesucs 12 1459 1482 TOS 
EXREP'ts 1627 1425 1402 214 | 
Effectiveness 43.6% 5024 5 5 Wes 5S 20th 
Allowance ORE 184 183 _296 { 
Delta force Original RIMAIR model: 
ITsetues ~ #202 2 5 +416 
Allowances - + 23 + 22 + 45 


Senecliesonme Lncluding BCM TAT and using he TAT 
ecnsttain=s d2veicped in Chaoter III 
the RIMATR model results and 

are used in further comparisons. 


9 cee ee cee ee ee eee oe ee ee ee eee 
ie? ep, ee OES Oe Le ee _ ee Le OE 


L 


third gives the results of using the revised TAT limits. The 
fourth gives the restrits of combining both of these enhance- 
Ments. Below the listings for the latter three simulations 


acre the differences tetween the results using the revised 


i) 


Piomeenand new Oragiral REMAIR basei:ine ztesults. 
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feemeetteeem ct —Changing the TAT constra 
Pacoluding the BCM TAT in the pipeline is quit? substar*ial. 
The 325% imprevement in effectiveness is tne benefit achieved 


Byeusiang Sascemuch infonpmatieon as possibile abouz” the urder- 


lying precess in déveloping allowances. Both of these 
changes should te implemented when the RIMATR mcedel is 
applied tc the AVCAL process. peel furthe= simulaticns in 


this chapter include these Maaneetdeam=s) <O the orig:.nal 
RIMAIR nedel. 

Tre next takle presents the ¢rtacts of using a 
B=neeum 1 day TAT with kcoth the RIMAIR modek and the 
propcseéed model (Table XXI A), and provide sl 
including operating levels of one unit to each allcwarnce 
generated by the models (Table XXI B). Again, for gach of 
these cases, the difference that the change makes in 4c 
model is prcevided as the delta quantixy. 

s2 cof a minimum one day TAT helps both models and 
Will be 


Used Geos, DCH 2m the following simulations. 
Inclusion of the operating lavel, however, raises the sitec- 
tiveness of both mcdels past the 0.990 gceal, and =he 
additicnal units added to inve mae. | 6h ames hed 


n=O 
M o6nns" in *Sr=ms of improved sffactiv 
level will net be included in the al 
Pollcecw#ing simulations. 
The operating level result is very s 
two reascns. DemoecOleSmene conten moneehat ineliusic: 
the operating level unit helps =o mask the ability 
Mnaetayomg model to provide anh appropriate al a 
Supeieme: Gt the Tepair process. Soegeee gGO0d wunmdsriyinad 
model, with safer levels adjusted to provide th 
ecverall effectiveness seems to be a more rational 
a 


man YVSiang a poor a and adding 1 unit +o ¢ach 
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ie <M ae nee eee re oe eeaerans 


, 
| 


TABLE XKXT 
Simulaticn: Minimum TAT and Op ing Level 
A.Purpose: To show the effect of setting a minimum 
T Ag of on2 day. 


Farameters: 
Dieeng HOUR enhaceor (Fr) = 1.00 . 


Minimum TAT as shown for both models. 


| | 
| | 
| | 
| | 
| 
| | 
| | 
| Safety levels: Jaca pac. azted Repaizr process | 
pipeline One Two 
RIMATR 0.90 
| Frceposed O29.) mek Oieuclas max 93.90 | 
| 
| O peat ing level quanti Z2Ss are not included. 
| Results: ; | 
| RIMATR Model. “Proposed Model | 
Mintmum TAT Deita | 4ininun TAT Delee | 
days 1 day ' 0 days aay 
| Demands 2384 2884 . 2884 2884 | 
IT¢ssues 1673 1790 +7177 | 1979 2169 +199 
a a -—-— = =» a | 
| BXREPS 1211 1094 | 914 alS | 
| == => = === === i 
| Betect. 9 €. 0% 62.1% 68. 3% 75.2% | 
| Allowances 206 2 Siete) eat 236 2567-20 { 
| ———— a == SS { a <= == i 
| . _ eee ee re et. 
| Gemclucion: Including a2 minimum of Gne dey TAT | 
| heles boca models ecoasiderapiy, with 
relatively litcle 2xtra investment in 
iene vac RiOrs 7). | 
| a ae 8g a | 
Weer EOse; Tc shew the effect cf adaging the OL | 
| of one each to the allowances. | 
= - -— -— = =» —-— «- ~- -— = «= Se ee ee a - —_- - —_-— = - - | 
| Results: | 
RIMAIR Model Propessd Model | 
| Wice TO) W/OL | NO OL W/OL | 
| Demands 2384 2884 | 2884 Po ou 
| Issues 1790 267 Sat 8S 9 | 24869 P7e4 +615 
EXREPS 1094 _299 _7i5 100 | 
| ELfect. oven 2 92. 9% ae Fee 3 0 
==== ===S=s ==== ===> | 
| Allcwances 213 2926 +79 | 256 535 + 79 
=== === === nl | 
| is _ - — p> | 
| Conclus: ispeel ne luadiang th®® operating devel. helps | 
both modéls achieve better than 90% 
| Simulated effectiveness. | 
| | 
—aeeel 





eo emeaomotetat=] ©O Men<eiO0 chat meny repaireble 
Beem= Carried in AVCAL hawe the operating leveti autcmati- 
cally added to their allowance moes “weil definitely 
increase overall effectiveness, but it is not likely te 
Peovide COS = sffective results when applied tc the invertcry 
as a whole. Thz berefit of adding the unit operating level 
to 0 «6allowances for high-demand items is significant, but 
there may be many icr-demand items for which the additicr of 
@aunit overating level nay nct improve 2ffectiveness at all. 
Miro ner analysis shculd be done tc datexrmine rEeth the 
benefits and the costs of automatically adding the crerating 
level, especially when it is applisd ze the medium- and 
low-demand items in the inventory. 


Exarples cf epecific items for which ach snccécel 
Ss presented in Tables KXII and XXIII . The 


is 
¢ reitlect jo ea Le tice Onrror Ne pera tAT *n the RIMATR 
Vv 


ee oan sc 

Moeets use cf the revised TAT linits, and *he use of 2 one 
@eyeroterating Level. In the example provided in Table XXilI, 
the precoesed nodsi cecmputes an allowance of 2.40 for precess 
Gre, Wnich includes almost two units for safety level. The 
adminis*rative, AWE, and resupply pipeline adllcwancs 
SnCludes elimecst another unit cf safety level. The extr2 unit 


safety level obtained by ne the allowance in his 
th the RIMATR model enabled q 
teonei 18 dtmands to ba fille 


oy 
oe] 
ay 
Qu 


Manner instead cf wi 
Cd settee ene=-heaif>- this is 
lts obtained by the 


28.6% imprcevement over the res - € 
S sehietacterisztics that are 
Ss 


RIMAIS model. This item h 
exactly what the prcposed nodel1 was dasigned for, as no 
~- 


mes Go entough 2 quick repaiz and then return 


shelf. ifmeewexamele is but one of @many Hens in whach 

tting the safety level for repair process one to 9.97 
provided an extra unit or two in safety level, and the extra 
unit mad a significant difference in the ability to meat 


the demand. 
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PS ee eee ee ee ee ee ec ee ee eee ee ee ee eee aes ae ee 


| 
TABLE XXII | 


Simulation Allowance Comparison #1 


Cempariscn of simvlation results for NIIN* 00-1740-1775 


| 

| 

{ 

| 
| 
: | 
| Item data: 94 acticns avg. IP = 0.06 days | 
1 BCM (w/AWP) avg. TAT= 8.00 days | 
| 93 repairs avg. TAT= 3.89 days | 
71 acticns w/o AWP avg. RC1= 1.39 davs 
23 acticns w/AWP avg. RC2Z= 2.65 days 
avg. AWP= 8.87 Cays ! 

| 
mM Pa atSTCr RIMAIR Model beac DOSeC NCS i 
Level Quantity Quantity Si | 
| ni Ber ec ycie Zeta Pee) 95) 
{ ministrative eOS.2 
¢ ee ess cne So. 970 | 
i HEeCcess two 342 a Se 
| Awaiting Parts 1.146 ' 
Order and. Oy tout 0.146 
chipping time | 
| fetal pipeline Le 22s Zee 
{ 
| safery 1.728 Bee 7G 
| 
| mo tal 44 5 
! | 
j EXREPSs (%) SI ( 3 35707) Wer(1328%) | 
*NIIN is the Netional Item Identification Number | 
| ene uniquely Lechede2¢s | eeememeem Cael led in 
| eeveOCE<iCh Ci the federat supply catalog. | 
{ TeecTetigure £Or REIMALR model itrcludes BCH TAT. 
| | 
cee ee ee ce ees ee eee ee a ee oe re eres ae CO ee 
Cf the 79 items in the Sampieé, in only one case did 


G21 yield a lower aliowance than the RIMAIR 
m 


a 


d me eEhesenc sd in Pap loetxiit . The froros 
mod2il computed an alicwance of 0.44 for process cne, and 0 
for process two. Adding five for the remaining pipeline and 
EOuncing yicids the final allcwance of 5. The RIMAIR model 


a@e@emagemwentire faipeline together, end =his results in éi as 


116 





ee ee = 
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TABLE XXifl 
Simulation Allowance Comparison #2 


Comparison of Simulation results for NIIN 00-933-8790 


eecmedatea: 23 acticns avg. IP = 0.09 days 


23maec2CNs W7o AWE avg. RCl= 1.96 days 


ME ED EE ert OE OD a EO ee eee ER ee EE et cee 


ior igunrs £Cz RIMADTR model zancludes BCH TAT. 


(FE ree A et ED cee ED ate OOD net Ee OD EE ED age OD aD OE RED aD SE oe eS ED ane RES SD 


Roewo CE RIMAIR Model Proposed Mocel 
Level Quan geese y QUantTLEY SL 
becea= tc Cycle 0.9 0.265 
Adm=nistrative BOt2 
Freoczss cne 2253 Gg. 900 
Process WO 0.0 
Awalting Parts 0.9 | 
Order and | 3.623% 3.36.9 
skipping tims | 
Tctal pipeline Bee Oce Beto 5 | 
Safery Sea 7 Nise Seles | 
moral 6 5 | 
EXREPS (%) 6 (26.1%) 9 (39.1%) | 
| 
| 
| 


ESS er SS a a EES EG ee Es ey Be a See “ee ce ee ee ee ee eee eee 


ths allowance quantity. This is the example for showing che 
possitle deficiency in “reatiag the repair proce 

Stparata frem the administrative, AWP, an 
Pipelines. Lack of the extra u 
additional EXREPs when the proposed model was 
W@es¢ =han =he RIMATR snodel. 

The dittererces caused by applyin the propesed 
fe@ets7G cach item in the entize inventory are shewn in 
Basle XXEV . The 2ffect on “the sntire sample is described 
in terms of the number of aiditional m= Of 2llecwercs 


u 
computed by the cropcesed model, the numb 
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Peder y, the number of EXREPS avoided by having the adci- 
ei0Oral units, and *he average number of EXREPsS avcided ter 


| 


TABLE XXIV 


Sisulation Allowance Comparison Summary 


| : 
{ 

| : 
| : wars es 
| Delta | # tcems | # EXREP*S {| Average # EXREP‘s { 
{ (units) | {| avoided {| avoided per unit 
www ew ewww werwe 2 ewes wo eww ew es weaeweweweweweew 2 we ew ew wwe ee ew ew @ we ow @ f 

| =7 as a | 
J 44 | 0 0 

| +1 ez { 2585 | 3.9 
+2 | 3 | 4 8 | SO 

{ +3 ' Z | 49 | Sie 2 
ee “ae” a0 Gm TST en — eee ~~ 7 | 
meecetal #43 univs | 379 | Gro 
| 

| mCTES: 
| 
| 1) "Leita" tepresents the oroposed model alicwance i 
Rinus the RIMAIR allowances. 

| 
| Peete otonms rcpresontsS eme aumbez of the 79 line 
| items in the sample that aave the daita quae: 
pone as cthe aifférence between the preposed and 
RIMATR allowances. : 

| 2 
| Sereno da <lVe Sign 2n the YEXREPS =e .ded" and 
iivesade, EXEEDS" columas  iadecats¢ ~he tease i 
rroresed model allowance allowed moze EXREPs 

than the RIMAIR model aliowancs did. 

ty nn et eS nmin aaa Caspian ee 
unit of increase. These summary results indicate that mcre 


Ss 
the Ltems were provided che same allcwance by 
odel as by the ERIMAIR no 
d 
Q 


a \ CGWenGeS Nifnl oD Ohne: geeconsi 
L 


=<. 


S a 

1 demand experienced on th RANGER cru 
increasing the allowances the few additional units zécon- 
mended by the proposed model stems a small "cost" fcr the 


resulting performance improveme 


aie 





2. Simulating Proposed Medsi Safety Levels 
tees theOxipiieeey joeefeaed bY the Orspcsed mcaei for 


setting safety level combinations can alto be a ic: 


a 
eee 2] net intuitive what settings will provide the b 
c e 


est 
everall suprcrt. The search for process one sarety level 
settings was made simple by constraining tht tuncapacitated 
pipeline and overall repair precess =evels to C.90 <t9 
compare most closely with the RIMAIR mode¢is. There is addi- 


fee) Lesearch that can be dene in «his area, however, in 
Beemer osng to Eimd the optimal paramst2r=> settings fcr 4 
Maven application. 


TaDl]= XKV shews the results of successive sinulation 
v = 


ims In which the maximum safecty level setting fcr revair 
Frocess cné was varied. Incrzasing vorocess-one safety level 
Mammo ves the perfozrmerce of the medel, despite the fact chat 
every increased procéss-one safety Level is balanced with a 
decrease in vorocess-two safecry level in crder te meer the 
Oee-=]crt ccai of 0.99 . 

The results provided in Table KXV provide addiztioral 
Suppert fcr the validity of she proposed nodal. The overall 
erfectiveness of the inventcry increases as the precess-cne 
Serery level increases. This suprorts the contertion <=hat 
SUrE2CLent Support fer repair procéss cone is essential for 
*he success cf the system as @ whol. 

Meme Ocsss-Cue thatticaines sities (¢,) Bore Seo) o 
It6ms in the samclée are graphed in Figure 5.1. Only four 


h 
Seeee feemwe ave 0, above 0-45; <cne high was 0.533 for NIIN 
3 1 h 


P Dascaron 96 pEOocess=one act 


mec temce 2611 days. “Ine median 6; Value was only 0.176; 
mic’ tNirinum’ wes C.053 . Comsequcn eyes the ailowances did 
mot increase much when the safety levels were increased in 
Table XXV ; some weuld have increased substantially iff the 
Peeve miNcCetsit=es had bean in =he naighbcrhceod cf 0.9 . 


119 





TABLE XXV 
Simulation: Proposed Model Safety Level 


pe 
a 


Purpcse: To show the results of varying the safety 
levels fer process one in the proposed 
model. 


Parameters: 
Peeve ngd hOuUrGeaetcr (F) = 1.00. 


ima comet raimes: IP SKD RPR KC 1 Ree AWP 


(cays) 
; ~ ~ 12 a5 60 
Mininum TAT: 1 £=day. 
Safety levels: Ge9O0 88o0r the Min, AWD, resuopl 
Sverall LOn ae 


eee Sc ee cee eg ces om get ED 


Maximum safety Jevel for prccess ons 

0.90 0.35 0.96 97 Wee 
Demands 2884 2984 2684 2884 2884 
Tesues 1889 202 2106 2169 Zed 
EXRE&s 995 &59 178 715 627 
——j S22 —— 4 ==: =22:=: { 
memeecc=., 65.52% 762625 We 0% Sa 2h 1 Seow 
Allow. 220 ay is 256 Se ! 
Del~a from next Lewer case: yo. —- 
Issues +136 +E] +63 +84 | 
Allcw. + 17 412 + 7 +16 | 
| 


area E> 4 SE 6G 48 SEE GED mee ae a Sa ae ee, Oa OO Cee as Ee SS GS eee SE Ge GE ee a ed Se a 


The stated purpose for developing a capacitaced 


meer Scli Sesee seduzrements ifere- 


model was tc =o provide 1 
caszs fcr periods cf increased damand. The simulations 
presented so far, however, have not shown *his. The RANGER 
data Eas¢ provides an excellent opportunity +o test this. 
Their deployment included a thirteen week period cf crera- 
tions in the Irdian Ocean during which tne experienced 


demanc was 25% higher than for the deployment as 4 whele. 
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| Pearl ic sims nsicy (0, ) 
| aE SSS Se Sa Se SS a ee Ee eee > sll ee ee 
Figure 5.1 Frocess One Traffic Intensities. 
Figure 5.2 provides a gréph cf the aggreqate demand experi- 
enced by the 79 sample items during the derlcyment and hiah- 
Mego -o b= indian Ocean period. The Indian Ocean perticn of 
the déeplcyment representad approximately 65% of the demand 
for the entire deplcyment (1870 of 2884 demands). Because 
eee ic suUCh 4 SupStentiai pertion of the deploymen+, use of 
Bee OceSCaememsactoOr  (F) o£ 1.25 may be aporopriate when 
computing allowances with rates based on the entire 


deplcvmesnt perio 
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mayeenag hous forecast factor was used. The results of varicus 
Bemeeng Ct =his facter, Eor both the RIMAIR and the proposed 


modeis, are provided in Table XXVI. 


Imeteasing the flying heur forecast :mpreves <*he 
effectiveness achieved by both models, Diweeae  )eiis=ct of 
Mdiminishing returns" for increased 2tfectiveness per unit 


added to inventory can be seen in both models, but is metre 
extreme in the fproepesed mod2i. It 1S possible that use 


O° 
Bee) ftakits pepulaticn approximations would impreve che 
oS 


BesultS in the proposed model, out this cannot be tested. 
The fact that the proposed model was able tec achieve 
0.657 effectiveness when using a forecast factor cf 1.25 
(which is the factcr for the RANGER's heavy demand pericd) 
x 


is very satisfactory considering the modél was set 

Men Wich the benefit of including the BCM TAT, and usira 

the relaxed TAT limits, the RIMAIR model could provid 

72.9% =zrfectiveness at the same Setting. The <¢vidence 

strongly favers the froposed model as being 4&4 better model 
Ss A 


Speeae Underlying repair process than i 
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TABLE XXVI 


Situlation: Forecasting Increased Demand 


Pierose: To show @he results of 
OUtemae ce=s efor DOth of 


tos 
flu 
(«DF 
t+< 
rawr 


| 

& 

| 

i 

i 

i 

Palameterss | 
aeee ss: IP SKD RPR Rei RC 2 4wD { 
ays j 

Both acdels 6 = : 12 35 60 | 
Minimun TAT: 1 £day. | 
Safety levels: Q0.90 for th2 RIMAIR nodel; 50 
for the admin, AWP, and resuoply 

pipeling; 0.96 overall for zhe¢ 

Potpamse Preocessess; and..0.97 fez 

See process cone in the propesed | 

model. | 

-— ol lll rl - =  -—-— —=— = = ee } 
Results: Rita Rewedel. 
Riva ndemeln LOzreces=t TactCie (T) 

1.19 iee25 1.40 eon) Zien) 

Défands 2884 28 34 2864 28 84 Z24eu : 
Tesues 1951 2103 2239 2436 2625 
—_ = = = — -_—— — = —— =< = a = = i 

BAREES 933 ol 595 448 2495 
pi — ps =- === =SsS SS SS SS ( 

Effect, 67.6% 72.9% «79.4% 84.5% Tue 
Rillcw. 234 259 288 318 325 
o-- -— = -—_ -_—_— =—_s=-=SS -_-—_—_ = { 

: 

= Se ee ee ee _- = —-— =-_— = —_-— = -_ = = -— -«— —-— = = —_— = = -_ ! 
Propesed Modsl 

Mvyeng NOUENESzeeces= facco> (fF) 

daar la2 ea eEoie 2.90 

Demands 2384 28.84 2884 2884 2884 
Issues 2300 24 73 2579 27 O02 2732 
—— — = ——<— «a «a a —_ <= = = _—— = { 

EXREPs 584 11 305 182 92 
Effect. 79.8% 85.7% 89.47 93.7% 96. BF 7 
Allow. 281 329 374 438 589 
_—_——_ = p— sp — i — — == > = =——_— — = 

-_ —- —-— =— = = —_—  - - ll Ol rl - = =-_— — «= -— —=-— —-— wz —_ - -_ -=-— = _ ' 
Deita Fexrween mod<els at the same F facter: | 
Issues +349 +370 +250 +266 +157 | 
Alicw. + 4&7 + 79 + 86 +130 ios | 
I a aed er ee ek secs ee ee ms ey ee ce es a le nd ~-PS, ep-eenes sal ee a ec si comes ces ce a 
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VI. SUMMARY, CONCLUSIONS, AND RECOMSENDATIONS 


A. SUMMARY OF RESULTS 


The sSupvort preklems experien 


O 
MT) 
fs 
ey 
hed 
gh) 
«<j 
ned 
ju 
Q 
ct 
)4 
«<j 


i 
during pericds cf heavy demand for G@viation réenairables may 
be partialiy due to the model 06643 cmpu 

iz 


x 
invantcry allowances. fae Guerra) tT 


A 
mod2zil =zhat is soon to be imolemenzsd shart sone s2ricus 
deficiencies. The deficiencies fall i g 


Mesos the method of using input data, and the mocél which 

results from assuming an unlimited-capacity rexair procsss. 

Analysis cf the data from the 1983 depiovmént of the USS 
: X 


i 


R (CvV-61) led tc development of an alteérnat 


Gumme eos SChe of these deficiencies 


diatt a epaese Were ot Verve Os SCOmMpuTang 2zllew- 
ees. rhes data base has a RuMmber OF deficisenciss thar 
hamper the efrectiveress of any nod The twe n2jor preblien 
areas addressed in this thesis are tne iack of «ime discrin- 


[ieemiecnws Of TAT Giscoiminaetston 2S inherent in the 

CWeren= Bechanized data collecticn system in that 
Sec ece Gis OGCUD is tecordsd only with the resoluti 
day. The result is that 35% o£ the maintenancs ac 
the sample were recorded as <taking zero days toc 
S 


This obviously understates tha actual time na 





processing, resulting in understated allowances. The c2fa- 
Meeeeeeye kos -S =C Cezr@ect this: man-hours ard flicht-touzs 
aze beth documented crecausé the need to provide tha= level 
oe time ieecChanamea cs On was moeccon:izedq. 
Repair-processing-houwrs could Likewise be provided. Use of a 
cre-day ginimum TAT is a simole way to compénsate fer the 
Peeoiem> this proved to have a pesitive effect during siau- 
laticn. The effectiveness of the RIMAIR model was imerove 

7% when che cne-day minimum TAT was used; the provosed model 


showed a 10% lmpreovemen-. 


The current acdel and th2 RIWAIR model botk 


WD 
@) 
fu 
in 
it 


u 
Peewee. ane CVerly consetvative ema which cause fer 


m 
repair times (and the asscciated repair pipeline gu 


areit2es) 
memos Sicniticamctcly less han those that were actually expe2- 
Mmmerteecd. [he CUrzent Linits @zs $0 SseveTe2 that they onhicit 
Meee aO2li=y of Zhe GAnAventory modes tO provide adeauats 
ueeimiet=. the RiMALR mcdel DertorRneacSs tmoroved mors thar 17% 
in the simulation when relaxed iinits were applied. 
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SQeus NE CEOcess Yaean W/M/oo queueing 
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Memoee cL UNdceS 2n the queue, however, and it is therefor: 

assumed that the M/S¥/foo gqueucing nods tS en= Unoeic lyiag 

Mod=i cn which the current ard R3IMAIRK models are based. This 

Hemet Nee aDpropriat] rot us= witn the existing Navy IMA 
eM 


Demet capac. -y cf +h 
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Ee «<GCHUGLEUSICNS 


1, he RIMAIR Model 

Tne RIMAIR model is a better model than zhe model 
Currently in use in that 1t provides some measure cr cxmctec~ 
Pema fS>D ettricicn items. Tt is deficient in the exclusion 
meer TAT if sha pipeline. The manner in which the Pcissona 
Gaesct rib on is us¢d to computs allowances 2150 causes 
allowances to be understated bacause of the implicit assump- 
mean 86th at ~her are QA€alyays ad¢eguaczely many servers 
available, gardless of forecast increases in demand. Last, 
SumeecULESnt metnca fcr ttuncating recorded curnaround “times 

i 


Cc 

s2riously reduces the estinated average 
moiel inputs. 

The RIMATR mcd2eil was used in the simulation without 

tee one unit operating level so that the D Vy 

Gg oe Hach Uses tae Poisson distrib 


n 
Peeeeocl Of €6eene Divelismeeqyantity, coul 


allowances su 

tha sample from oft-the-shelt RFI naterial. tials WoOs 
rerrormance is masked when tne one unit operating ievel is 
aepilted. Piomercdaaaen “et o2he OG= URIt operating level to 
the dicwances f tn2 high-demand items was shown te 


Or 
eness above 90% for both medels. The autc- 
@ unit operating level to allowan 
m 


E 
S$ may not be Warranted, hewever. 


The procosed model attempts to correct the major 

Froblems with the RIMAIR acdel by _._ ECM, TA 

Mepeayr Cyclic tine and byw explicitly censidering limits on 

mee owes able =Erair Capacity. While th] nalfunction cede is 
the 


probarly the best discriminator to indicate 
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@ir an item undergoes, the existence or ab 
AWP sims was found *#c be an acceptable substitute. Two sepe- 
rate repair processes were defined by the existence or 
absence cf AWP time. Allowances computed by the ere 
model were ceneraliy equal to or greater than the allowance 
generated by the RIMAIR nodel. This is the expected resu 
Smeasciming limited repair capacity. 

Alicwances generated by the proposed model rrevided 
retcer perfcrmance in simulations for forecast demand rates 
Mee-~O 254 Higher than che ooserved demand rate. De 
cverformance was obtained when demand increases of 4 
higher were forecast téecause ~he demand rates o 
mmmecdcwea Cr G@xceeded the capacity of the repair prec 
fnis result ravealed +he necessity for using finite pcrul 
tion fermulae fer calculating queue size when “he traffic 


intensizy afpfpreach¢es cr excesds unity. Lack of pop 


) 
) 


{ 


a 
pees fOr «the «Sample items Significantly hampered this 


mt 
ct W 
Pp 


9) 


= 


Bee =< Lf crt: [iano r SSomeos siuetea 2ncluid= i+ in trae 


Os 


base. 


S 


Cw. RECOSMENDATIONS 


Censiderable work is currently being dene cn the 
a@a¥Viezticn 3-4 data ccllection system +o h 

and cempleteness of the data bas Additio 
required to ensure data necessary fcr proper supply s 
meee collected. The current system records dates app 
Bemmlemadgde=ng 4 tunit*'s physical location in the maintenanc 
system, but this is not necessarily the informaticn 

£9r measuring support factors. Data for off-the-shelf time, 
repair capacity, tepair rate, and expected waiting time are 
all needed if improvements ar2to be made in +he suppert 


eee.  Addat tetra lly, it 2s importan= to record the changes 
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mae ccClr in wchese factors as demand increases in criér te 

forecast mecbilizaticn requirements. Therezege, tee 

imprcvements in the data base are rec 

lessons learned in researching this thesis. First, the data 

kase used fer allowance computation must be é 

include time off-the-shelf for RFI repairable components and 
K 


not just the maintenance time associated with NREFIT units 
Second, the data base must be able two discriminate repair 
process times in hours instead of days. maged, the aata 


collection syst2m must record information about tepaiz 
capacities, repair rates, and waiting times. 


Mie €xXSSctitg ““utnaround limits must be charq@ed if 
a 


eadequete surrort fcr the operating forces is to be achizvwed. 
There are many ways to detect typical cbhservyaziors ina 
data tase; the invertory models in use for censumable items 
Mewe cemand filters te test the data observations. Each 
demand cksé¢rvation can be accepted or rejected as an cuvtiier 
me ene demand observation is significantly different fron 
the item's recent history. There is no reason why a sinilar 
Meer £G= Letail terainable items, which areemore directly 


O 
readiness, could not be davelonved. 


3° 


associated wit 
The idea that TAT limits should serve 2s management 
Mmeeecmaen Got acceptakie if fer no other Teason <han that the 
Gwement TAT limit are routinely exceeded specif 
Beeausc cn Cperating policy provided by higher authcri 


Meer ectoOrSs "are ftrequenzly™ required to provide cffi-staiion 


SUDDCITt, thereby exceeding the one day in-vrocess time 
eo . Qperators are required +o attempt time-censuning 


Padlt a2selacion aid repair for extremely difficult smaifunc- 
tions in crder to minimize the number of units returned to 
wholesale revair depots, and they are also frequently 
Ssquired tec hold AWP material thirty days, sixty davs, or 
loager in attemrerts to obtain oviece-part chat may 

ni 


available. ieee ©rezacces" Seward for perfor 
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Biem=, 2nd doing thes well in many cas2s, is to find 
somecre at ASO disregarded much of the data reflecting what 
a 


really occurred in order +o comply with the mand 


The data basé€ showed that there were significant 


differences in the times necessary *o0 perform varicus +ypes 
L 


cf repairs, Piaetesculactivemwith =ssgpect “0 <ihe tyre of 
malfunccticn that occurred. Pea vens DOSStols to0 signrifi- 


Semel y impreve cn the results obtained in this th 
} 


maifurcticn codes can be su 


ie 
Wound facilitate the i r +h thecrized 
type-cne and type-twe repaic eco eA LeeraeatSly, cech 
inventcry item might hav , lf on 


codes nermraily applied to it. TI: 


d 
@iesO® provide the capability <o ee, ; the +twe repair 


processés. In either cas2, GlaseeteCatinn by malfunction 
appears tc provide a nore acceptable model for use in 
Gaeeewance CCmputation and ir logistics support analysis. 

The absence cr existence of AWS 1s Tecegnized <o be 
memeeretson Ch both the malfunction and cf& the pliece-part 
Ssuppcrt that exists at an activity <c6a~hCUgiven 6 6time. 
Bemoedgucnciy, the percentage of items Likely to go AWP will 
probatly vary considerapdly for *he same iten from one 
activity memonot ner . The percentage of malZiunctiecns cf any 


cne type cenerated ty sinilar ght overations 
ne 


aa 
wee Se cae 1. Cation 


vary as much. Bagi tion 2 £ preblen 
Malfunccicns and the impact they have on invertory supoert 
and readiness could aid level of repair analysis and help to 


identify cther maintainability problems. 
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ELS Further Sty 
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iN 


studcgy of the Navy's intermediate a 
Ba 


(A 


system and the pony SUPeem: it Eequires is be 
recommended and vitally needed. Intermediate maintenance 
does not receive nvech visibility primarily because indi- 
vidual activitiss azrée small compared to the d2pcr rewerk 
sites. In aggreguté, however, they are larger than the 


ets and are worse closely related to day-to-day avia*ion 


p 
readiness. Study or the maintenance system, the inverntecrv 
models, the manageoent ilaterface, and the applications and 
implications 9£& medérn information technclogy ar¢ ail open 
areas. This thesis attemoted to examine a small porticn of 
m 


= 
» andin deing so raised many more questicns «than 


fecculd answer, The moiels @xamined and proposed are ali 
very simple. They can be improved in a number of ways. It is 
hoped that they will te. 
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APPENDIX A 
USS RANGER SAMPLE DATA 


Tie E@wlOwings enlecseprovide more complete infecrmation 


about the sample data used in the thesis. 
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